State of Hawaii geothermal action plan, element III, part II : micrometeorological aerometric and health effects analysis by Goddard & Goddard Engineering
GODDARD & GODDARD ENGINEERING
Environmental Studies
STATE OF HAWAII GEOfHERMAL ACTION PLAN
ELEMENT III PART II
MICROMETEOROLOGICAL AEROMETRIC AND
HEALTH EFFECTS ANALYSIS
6870 Frontage Rd., Lucerne, CA 95458-8504 (707) 274-2171
..
ELEMENT ill
PART u
STATE OF HAWAII
GEOTHERMAL ACTION PLAN
MICROMETEOROLOGICAL AEROMETRIC AND HEALTH EFFECTS ANALYSIS
CONTRIBUTION TO THE
INDEPENDENT AIR AND NOISE MONITORING PROGRAM REVIEW
CONCERNING THE JUNE 12, 13 AND 14, 1991 UNCONTROLLED VENTING
OF THE PUNA GEOTHERMAL VENTURES KS8 GEOTHERMAL WELL
SUBMITTED TO: Honorable Lorraine R. Inouye,
Mayor County of Hawaii
25 Au Pu Ni Street
Hilo, Hawaii, 96720
John C. Lewin, M.D., Director of Health
Bruce S. Anderson, Ph.D. , Deputy Director
State of Hawaii
Department of Health
1250 Punchbowl si., #325
Honolulu, Hawaii 96813
PREPARED BY: GODDARD & GODDARD ENGINEERING
- ENVIRONMENTAL STUDIES -
6870 Frontage Road
Lucerne, CA 95458
(707) 274-2171 Voice/FAX
DATE: July 22, 1991
GODDARD & GODDARD ENGINEERING - ENVIRONMENTAL STUDIES
ACKNOWLEDGMENTS
Page i
We wish to acknowledge the rapid assistance given to G&GE by John C. Lewin,
M.D., Director; Bruce S. Anderson, Ph.D., Deputy Director; Tom Arizumi, Chief
Environmental Management; Paul Aki, Chief Clean Air Branch; Weldell Sano, Envi-
ronmental Health Specialist, Clean Air Branch, Department of Health; Dean Nakano,
Department of Land and Natural Resources; and their respective staffs; State of
Hawaii; Sal Price and Karl Turner, Supervisor, U.S. Weather Service; Mrs. Jane
Hedtke, Secretary of the Kapoho Community Association; and the many others
who provided data and answered our questions.
ELEMENT III PART I AND PART II REPORTS INTEGRATION
The Element III report contains Part I, Independent Air and Noise Program Review of
Concerning the June 1991 Uncontrolled Venting of the Puna Geothermal Ventures
KS-8 Geothermal Well, prepared by Robert L. Reynolds, Chairman Element III review
committee, Air Pollution Control Officer (APCO) and Noise Control Officer, Lake
County Air Quality Management District, Lakeport, California; and Part II of Element
III, State of Hawaii Geothermal Action Plan' Micrometeorological Aerometric and
Health Effects Analysis, prepared by Wilson B. Goddard, Ph.D., Principal, Goddard &
Goddard Engineering - Environmental Studies, Lucerne, California. The Part I and
Part II reports are in full agreement as to the major findings and recommendations.
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GEOTHERMAL ACTION PLAN
ELEMENT ill PART 11
MICROMETEOROLOGICAL AEROMETRIC AND HEALTH EFFECTS ANALYSIS
CONTRIBUTION TO THE
INDEPENDENT AIR AND NOISE MONITORING PROGRAM REVIEW
CONCERNING THE JUNE 12, 13 AND 14, 1991 UNCONTROLLED VENTING
OF THE PUNA GEOTHERMAL VENTURES KS8 GEOTHERMAL WELL
ES 1.0 EXECUTIVE SUMMARY OF FINDINGS AND RECOMMENDATIONS
A micrometeorological aerometric analysis has been conducted on the uncontrolled
Puna Geothermal Ventures (PGV) injection well uncontrolled venting starting at
2319 hrs on June 12, 1991 and ending at 1200 hrs on June 14, 1991. The
purpose of this study is to provide independent verification of monitoring and spot
measurements of ambient concentrations of hydrogen sulfide (H2S) as well as
provide estimates of plume concentration and plume transport paths in areas where
documented health effects occurred.
ES 2.0 SUMMARY OF FINDINGS
o Independent estimates of hydrogen sulfide (H2S) ambient concentrations
were shown to be in substantial agreement with local monitoring station and
mobile spot measurements throughout the venting period.
o Local H2S concentrations were elevated above health significance levels and
correlated with health complaints.
o Regional H2S transport of the KS8 venting plume cloud was documented by
visual sighting, by regional and local wind assessments, and by the chronol-
ogy and position of health complaints beyond 10 miles (16 km).
o Estimates of the emissions of other air toxics and estimates of the impacts
are shown to be of significant health concern.
o The permittee is in apparent violation of permit requirements for H2S emis-
sion limits, for H2S air quality impacts, for exceeding noise limits in duration
and in magnitude, has not utilized the Best Available Control Technologies
and has not utilized equipment described in the Authority to Construct.
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It is recommended that PGV pay for any additional expense involved in implement-
ing the following measures:
1. Emissions limits for H2S be enforced by DOH personnel.
2. A Puna Air Monitoring Program (PAMP) be formed and managed by DOH
with participation by the developer, the local agencies, State agencies, local
concerned organizations and local concerned residents. An Operational
Management of Air Resources (OMAR) type system be established to link all
PAMP stations to a central computer to which an emergency response
system is linked. The central computer should archive monitoring data and
allow near real-time access to data for air management activities by the
developer, by responsible agencies and by local community groups.
3. Modify station positions and install additional meteorological monitoring
equipment and sites to further study the geothermal air pollution meteorolo-
gy of the location and zone of impact.
4. The PAMP committee manage local and regional air transport special studies.
5. The PAMP committee should quality assure monitoring data, document all
quality assurance procedures and publish sufficient volumes of the monitor-
ing documents and special studies so that developers, engineers and envi-
ronmental scientists have access to the documents.
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A micrometeorological aerometric analysis has been conducted on the Puna Geo-
thermal Ventures (PGV) injection well uncontrolled venting starting at 2319 hrs on
June 12, 1991 and ending at 1200 hrs on June 14, 1991. The purpose of this
study is to provide independent verification of monitoring and spot measurements
of ambient concentrations of hydrogen sulfide (H2S) and other air toxics as well as
provide estimates of plume concentration and plume transport paths in areas where
documented health effects occurred.
The uncontrolled venting incident at the KS8 well released an estimated 200,000
Ib/hr (95,300 kg/hr) of steam and brine containing 180 Ib/hr (81.7 kg/hr) of H2S in
a complex plume cloud which was estimated to have emissions extending from
ground level to a height of 65 ft (19.8 m). An estimate of the emissions of air
toxics is contained in Table 1-1. The estimates in Table 1-1 are based upon wells
KS-3 and KS-1 A recent well chemistry and on Table 4-4 of the March 1989 PGV
Authority to Construct.
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ESTIMATED EMISSIONS OF AIR TOXICS
RELEASED DURING THE KS8 UNCONTROLLED VENTING
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Estimates based upon a steam flow rate of 210,000 Ib/hr using geochemical data
from KS-3, KS-1A and Authority to Construct.
Component Emission Rate
Ib/hr kg/hr
Hydrogen sulfide
Lead
Nickel
Chromium
Manganese
Copper
Zinc
Arsenic
Mercury
Silicon Oxide
Total Dissolved Solids
180
13.6
1.80
1.44
2.36
0.326
0.384
0.008
0.001
30.0
700
81.7
6.16
0.817
0.654
1.07
0.148
0.174
0.004
0.0005
13.6
318
Note:
Estimated worst case 100% flash;
Table 4-4, page 4-10, March 1989 AtC
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The methodology of the micrometeorological aerometric analysis utilizes the
Micrometeorological Air Dispersion Assessment Methodology (MADAM) which
follows guidelines established by regulatory agencies for air quality impact analysis
(Appendix A).
Information characterizing the KS8 emissions and the initial plume rise were ob-
tained from Robert L. Reynolds' on-site assessment, the PGV emission estimates,
and from photographs and videos of the well emissions. Meteorological data from
the Southwest, Alvarez and Wade monitoring sites were used to estimate the initial
wind speed, wind direction, standard deviation of wind direction (sigma), air tem-
perature, relative humidity and precipitation.
The distribution of atmospheric pollutants from their sources to the receptor areas,
and their paths of travel and concentration, are dependent upon the wind flow
regime and upon the pollutants' vertical and horizontal dispersion. The dispersion
of atmospheric pollutants both vertically and horizontally is dependent upon the
state of atmospheric stability:
o unstable atmospheric conditions [temperature decreasing with height at a
rate greater than the adiabatic lapse rate of 5.4 °F/1 ,000 feet (1 °C/100
meters)] greatly enhance dispersion;
o stable atmospheric conditions [temperature decreasing with height at a rate
less than the adiabatic lapse rate] greatly diminish dispersion.
Unstable conditions prevail during the afternoon periods, while stable conditions
occur at night and in the early morning hours. Stable conditions aloft, called
temperature inversions, tend to cap upward dispersion of pollutants.
The estimation of air quality impacts follows procedures recommended by the
Environmental Protection Agency (EPA) (Goddard, 1986 and 1987). Errors are
estimated and presented as ± values which indicate that there is a 68% probability
that values will lie within these limits. Atmospheric Stability Classifications A
through F are used where A is extremely unstable, D is neutral and F is moderately
stable.
Hydrogen sulfide is considered the most critical air pollutant contained in the
geothermal resource emissions. Other gaseous and small particulate pollutants
discussed will disperse similarly and will be compared to the estimates made for
hydrogen sulfide (HzS). The air quality impact analysis estimates are compared to
the monitoring data from the Southeast, Southwest, Wade, Alvarez and Irvine
stations, and to spot measurements taken throughout the event period.
The uncertainty in each estimated plume isopleth concentration is proportional to
the concentration and will average 50%. This is the nature of turbulent transport.
Tables of estimated concentrations contain uncertainty estimates.
The health effects of the toxic pollutant emissions are discussed in Section 4 and
compared to referenced literature. The results of complaint surveys and the type
of health effect are discussed . Many groups and individuals assisted on circulating,
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collating and compiling the health survey information.
The hydrogen sulfide air quality impacts are discussed in terms of the U.S. Occupa-
tional Safety and Health Agency (OSHA) 10 ppm worker Permissible Exposure Limit
(PEL) (Threshold Limit Value), the 15 ppm Short Term Exposure Limit (SPEL) (10
minutes per 8 hour) and the 50 ppm Ceiling Limit. In the absence of a State of
Hawaii H2S Ambient Air Quality Standard (AAQS), the H2S OSHA standard of 10
ppm is divided by 4.2 (168 hour per week exposure / 40 hour worker week) times
100 (accounts for documented adverse health effects at the PEL (TLV) OSHA
standard thus requiring additional protection for those which are more sensitive
such as children and older persons) = 420. This equates for H2S to 10 ppm / 420
= 24 ppb (34 ug/m3) suggested health safety limit for the general public.
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The H2S measurements made at the monitoring stations and spot measurements
made by personnel during the event were compared to air quality impact estimates.
Meteorological data from the Wade Station, the Southwest PGV station and the
Alvarez station were used in determining the local micrometeorological conditions.
Winds along the coast were obtained from the National Weather Service station at
the U.S. Coast Guard Reservation at Cape Kumukahi. The estimates of emissions
listed in Table 1-1 were used in the impact analysis.
3.1 METEOROLOGICAL CONDITIONS DURING THE EVENT
During the first hour of the event which started at 2319 hrs on June 12, 1991, the
winds were from the north-northwest, 330 deg at 6.25 mph (2.79 rnps) at the SW
station (ending time of 0000 hrs). The wind speed remained fairly uniform with a
low of 4.73 mph (2.11 mps) at 0400 hrs on June 13, 1991. Wind directions
remained out of the northwest sector until 1000 hrs when the trade wind influence
shifted the direction into the north-northeast sector.
The trade wind influence continued throughout the afternoon and evening with
increasing wind speed peak ing at 13.4 mph (5.96 mps) at the hour ending at 1300
hrs. Evening winds decreased in speed with a return of north-northwest winds
briefly occurring at the hour ending at 2300 hrs. At that time at the SW station
the winds were from 350 deg at 5.49 mph (2.45 mps). Low wind speeds persist-
ed throughout the early morning hours of June 14, 1991 with a low of 3.88 mph
(1.79 mps) again from the north-northeast sector.
Data on coastal winds was obtained from the U.S. Coast Guard Reservation at
Cape Kumukahi, 6 miles (10 km) to the northeast of the event. Along the coast,
the winds were from the north-northwest during the first seven hours of the event
at 12 mph (10 knots). At 0700 hrs, the coastal winds became northerly increasing
to 16 mph (14 knots) through the day and decreasing at night to a minimum of 9
mph (8 knots) by midnight.
Ambient temperature at the beginning of the event was 66 deg F (19 deg C) and
the relative humidity was 88%. Dew or mist deposition occurred periodically at
0.25 mm (O.01 in) per hour. A drizzle occurred between 2200 hrs and 2300 hrs
on June 13, 1991 which resu lted in 2.57 mm (O.1 0 in) peaking between 0100 and
0200 hrs on June 14, 1991 at 11 mm (0.43 in) of precipitation. From 0200 hrs
onward, no further dew or drizzle was indicated in the monitoring records .
All stations were used in the local and regional transport analysis. The Wade,
Alvarez and SW stations' wind speed, wind direction and sigma were used. The
SW station was used for initial local plume dispersion assessments since it was the
closest station to the release site. The rolling and pocketed nature of the site and
the prominence and proximity of craters and volcanic cones result in wind flow
(orographic) differences between stations in both wind speed and direction.
Each local estimate of impact used the extremes in w ind direction and sigma, and
is shown as a range on the impact figures. The standard deviation of the horizon-
tal wind direction (sigma) was used to estimate the outer bounds of plume move-
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ment. One half of the sigma was added to the outer boundaries of direction which
indicates a 68% probability that the plume centerline will be confined within these
boundaries.
Each station exhibited high sigma values which are attributed to the gustiness and
meandering nature of the wind flow. The high humidity and presence of dew and
drizzle are indicative of micrometeorological conditions at night that are slightly
stable, Pasquil Stability Class E. During the day the conditions were estimated to
be slightly unstable, Pasquil Stability Class C. Neutral conditions, Pasquil Stability
Class D, were estimated to occur in the morning and in the early evening.
The meteorological conditions during the event were not "worst case" poor air
dispersion. Using Figure 3-1, the frequency of annual nighttime wind directions,
the conditions would be expected to occur about 3 to 4% of the time. The highest
directional occurrence at night is winds from the west sector. During the daytime
hours, Figure 3-2 indicates that the conditions would occur 3% of the time except
for the period when the trade conditions prevailed which is the highest occurrence
event with a frequency of over 6%. Wind speeds could have been very low or
calm which would have increased proportionally the severity of the impacts.
3.2 LOCAL AIR QUALITY IMPACT ASSESSMENT
The results of the comparison for near-site air quality impacts are shown in Figures
3-3 through 3-16. The outer plume lines denote the plume transport direction plus
half the wind direction standard deviation (sigma). The outer plume lines indicate
where meanders of plume direction may stray at the 68% probability level. The
estimated isopleths of H2S concentration are shown on the figures for 500 ppbv,
100 ppbv, 50 ppbv and 25 ppbv. Each isopleth extends 1.0 mile (1.6 km) from
the source.
The square brackets, [25 ppb] for example, indicate a monitoring site or a mobile
measurement. The isopleth values are shown with the units below the number.
The isopleths are based upon hourly averages since this more nearly conforms to
ambient air quality standards. The estimated plume centerline concentrations are
indicated by arrows. The nature of turbulent air transport gives rise to plume
meanders and looping. The outer bounds of the estimated plume position indicate
where the plume may stray. Within the indicated delineated boundary, the lso-
pleths of concentration can and will move throughout the area with the upwind
source area fixed.
The relationship of estimated plume position and estimated plume ground level H2S
concentration are in agreement with the monitoring stations and the spot meas-
urements. The relative width of the plume out to the 25 ppbv isopleth is narrow
enough that it is usual that during emergency events many fixed or mobile monitor-
ing sites miss the event or underestimate the impacts.
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3.2.1 Local Impact Assessments
Paga 26
The first complete comparison of measured spot readings and station monitoring
began at 0100 hrs and is shown in Figure 3-3. From the 2319 hour event to 0200
hrs, no stationary monitoring site indicated an elevated reading. The out-of-plume
influence area is clearly shown by the number of bracketed [0 ppb] points. The
distance between the parts per million plume centerline and the outer isopleth value
of 25 ppb is spanned in a few hundred feet. The values, such as the [280 ppb],
[160 ppb] and [63 ppb] va lues, are all in agreement with the plume estimates. The
[63 ppb] value which is outside of the plume positions perimeter is within the
plume estimate if the plume centerline is moved to the outer estimated plume posi-
tion boundary limit. The homes of impacted families are shown in the figures as
squares.
The comparison between estimated and measured values of H2S are in substantial
agreement for the ending times of 0400 hrs and 0500 hrs. At 0600 hrs, PGV
increased venting horizontally at 254 deg. This is shown in Figure 3-6 as the line
from the KS8 well site that widens the plume boundary to the west-southwest an
estimated 1,200 ft. The effect of the horizontal venting is clearly indicated by the
widening width of the area of high measured H2S concentrations.
Wind speed and atmospheric stability change the shape of the estimated plume
concentrations. During daytime, as shown in Figure 3-8, dispersion lessens the
distance at which high concentrations occur when compared to nighttime condi-
tions such as Figure 3-4. At 1100 hours, as shown in Figure 3-8, the wind direc-
tion shifted the plume toward the Leilani Estates. The increased impact to the
Estate continued through Figures 3-9, 3-10 and 3-11. At 2300 hours, the winds
shifted the plume away from the Estates in a more southeasterly direction as
shown in Figure 3-12.
From 0200 hours on June 14, 1991, shown in Figure 3-13, and 0500 hours shown
in Figure 3-14, the transport is in a southeasterly direction. At 1200 hours, shown
in Figure 3-15, the plume transport again impacts the edge of the Leilani Estate.
3.2.2 Regional Impact Assessment
The saturated steam-and-brine plume was seen at a considerable distance many
miles away in part due to the saturated state of the atmosphere which did not
evaporate the plume aerosols. In cooperation with the Kapoho Community Associ-
ation and other concerned groups, health complaint reports were collected and
analyzed for their chronological and positional information.
Appendix 8 contains a breakdown of the communities with health complaint re-
ports, the number of complaints and reported symptoms, and a chronological and
positional complaint-related assessment of the plume transport. This information is
discussed further in Section 4 where the event impacts are related to referenced
health effect symptoms.
The compiled health complaint data, in terms of numbers of complaints, is shown
in the regional transport Figure 3-16. Four visual sightings are documented in the
complaint files and these position the plume cloud in the areas shown in the figure
by the bracketed word {Visual}. The plume was seen 2 miles (3 km) to northeast,
5 miles (8 km) to the southeast by fishermen who avoided penetrating the cloud by
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staying at sea, 4 miles (6 km) to the southwest when the plume cloud came ashore
with the on-shore up-slope morning winds, and 5 miles (8 km) to the northwest
where up-slope winds transported the plume cloud into Hawaiian Acres.
The plume transport estimates shown by the arrows on Figure 3-16 are based upon
the site meteorological data, the Cape Kumukahi shore meteorological data, and the
micrometeorology of local down-slope (katabatic) and up-slope (anabatic) winds
analysis. The plume cloud over the two day venting period moved toward the sea
during nighttime hours and then was transported inland during the morning hours.
Later in the day, the trades again transported the plume seaward. The circular
diurnal motion transported the noxious gases, aerosols and particulates over a
considerable area as shown in Figure 3-16. The health complaints data chronologi-
cal and positional data support the transport path estimate shown in Figure 3-16
and as shown in the transport map in Appendix B.
Using the low wind speeds which occurred at 0200 and 0500 hours on June 14,
1991, a capping ground based temperature inversion at 328 ft (100 m) and the
3.88 mph (1.73 mps) measured wind speed, results in the estimated H2S air quali-
ty impact, above ambient, listed in Table 3-1 .
The ramifications of the health related H2S effects of such exposures as listed in
Table 3-1 are discussed in Section 4. The values in Table 3-1 are hourly averages.
Three to ten minute peaks would be expected to be 1.6 times higher. For example,
at 10 miles the peak level, at a 68 % confidence level (mean plus 1 standard devia-
tion) is (58.5 ppb + 23.4 ppb) x 1.6 = 131 ppb (183 ug/m3) H2S concentration
above ambient. Impacts for other air toxics listed in Table 1-1, are directly propor-
tional to their respective emissions rates.
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TABLE 3-1
KS8 VENTING HIGHEST HOURLY AIR QUALITY IMPACT SUMMARY
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General Inversion Dispersion Estimate For Slightly Stable
Pasquil Class E, ground based capping temperature inversion at
328 ft (100m), wind speed 3.88 mph (1.73 mps) which occurred on
June 14, 1991 at 0200 hrs and 0500 hrs.
Receptor Down Wind
along transport path
miles kilometers
CONCENTRATION ABOVE AMBIENT
ug/m3 ± ppbv ±
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10
Note:
1.6
3.2
4.8
6.5
8.1
9.7
11
13
15
16
734.9
289.5
201.9
162.4
137.2
119.5
106.4
96.2
88.0
81.2
256.1
100.4
80.8
65.0
54.9
47.8
42.6
38.5
35.2
32.5
528.7
206.8
143.7
114.4
96.6
84.8
75.7
68.7
63.1
58.5
184.2
71.7
57.5
45.8
38.7
33.9
30.3
27.5
25.2
23.4
Conversion from ug/m3 corrected for temperature and elevation;
The ± uncertainty denotes a 68% probability confidence level;
Values estimated at the plume centerline at 5 ft (1.5 m) height.
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4.0 PUBLIC HEALTH EFFECTS
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The environmental health effects of air pollutants are determined by the concentra-
tion to which the individual is exposed, individual susceptibility, the mixture of
compounds and the duration of exposure.
o Concentration. The health effects of various concentrations of air pollutants
are summarized in Tables 4-1 and 4-3. A more detailed discussion is given
in Goddard (1984).
o Individual Susceptibility. Different age groups within the general population
are more susceptible than others to the effects of the various emissions.
Those with enhanced sensitivity to hydrogen sulfide poisoning include
individuals with eye or respiratory tract problems, or anemia, those who
have consumed alcohol within 24 hours of exposure, those who have
psychiatric problems, infants, and those who have been previously exposed
to hydrogen sulfide (lIEO, 1974). The evidence of "enhanced sensitivity" is
not conclusive.
The level and frequency of odor which would annoy individuals varies, and it is
frequently not only the concentration level but also the change in concentration
which arouses public intolerance (Leonardos et .Q1., 1969). Layton et .Q1. (1981)
conclude that an ambient level of 0.03 ppm, hourly average, -- six times higher
than the median instantaneous threshold value -- would result in odor nuisance
problems, partly because elevated excursions (10 to 15 minutes) during an hour
could be particularly annoying.
o The mixture of pollutants. The environmental effects of air pollutants listed
in Table 4-1 are for individual pollutants. However, they may be synergistic
or antagonistic as well as independent (Kestin m.Q1., 1980).
o The effect of duration of exposure is related to the other three factors - the
concentration, the individual susceptibility and the mixture of pollutants.
The national and state air quality standards are established to reduce or prevent
these effects. These standards are based on epidemiological and toxicological
studies and assume the existence of threshold levels of concentration below which
there are no adverse effects on the general population. The difference between the
air quality standard and the threshold level may be defined as a "margin of safety".
The larger the margin of safety, the greater the fraction of the population protected
by the air quality standard (Case er al, 1977).
Concentrations of hydrogen sulfide below the suggested value of 24 ppb discussed
in Section 2 may still constitute a "public nuisance" defined by various Civil Codes:
"one which affects, at the same time an entire community, or neighborhood
or a considerable number of persons, although the extent of the annoyance
or damage inflicted on ind ividuals may be unequal" .
The health effects of air pollutants often found in geothermal resources and devel-
opments are listed in Table 4-1. Occupational Health and Safety Administration
(OSHA) health standards are given in Table 4-2 and are designed to protect the
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working population. The health effects of hydrogen sulfide are listed with refer-
ences in Table 4-3. The OSHA standards are for a work force and since this
excludes the most susceptible portion of the population, these standards when
applied to the general population are reduced. The California Department of Health
Services (CDHS) interprets Proposition 65 air-borne toxic trigger points concentra-
tions as being 1% to 0.1 % of the OSHA TLV values. This is to ensure protection
of sensitive individuals which include the young, old and infirm. Recent Air Toxics
legislation implementation has been interpreted by CDHS as using the OSHA values
divided by 420, as described previously, when applied to the general public
(CARB/CDHS 1990).
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TABLE 4-1
HEALTH EFFECTS OF AIR POLLUTANTS FROM GEOTHERMAL DEVELOPMENT
Ammonia (NH). Odor threshold: 5.2 ppm (Amoore er QL., 1983). Eye irritation: 5
ppm (NIOSH, ~ 974), 72 ppm (Industrial Bio-Test Labs, 1973). Inhalation irritation:
20 ppm (EPA, 1977). Nasal irritation: 32 ppm; chest irritation: 134 ppm (Industrial
Bio-Test Labs, 1973). Increased morbidity and mortality : 70-105 ppm (Bittersohl,
1971). Pulmonary edema: 1,700-4,500 mgtm3 • Low levels: no permanent adverse
health effects (EPA, 1977). Leaf damage in sensitive plants: 3-12 ppm for 4 hours
(Benedict et QL., 1955).
Ammonium Bisulfide (NH4HS). Penetrates the skin more rapidly than hydrogen
sulfide. Since it is an inherently unstable solid, it readily dissociates back to hydro-
gen sulfide and ammonia gases.
Ammonium Sulfate (NH4)2S04' Toxic to plants (Malloch g1 gh, 1979; Sharp,
1976).
Arsenic (As). All forms of arsenic are toxic at various levels; some are potentially
carcinogenic (Lee and Fraumeni, 1969; Tseng et QL., 1968; Lander, 1975; NIOSH,
1975). Arsenic compounds are known to be corrosive to skin and are identified as
a carcinogen. Brief contact has no effect, but prolonged contact can cause skin
irritation, with mucous membranes the more sensitive to irritation (CAL/OSHA,
1983). Fluids containing arsenic levels of 5 mgtl (ppm) are considered toxic by the
State of California (Department of Health Services, 1984). Odor threshold: 0.50
ppm (Amoore at QL., 1983). The fatal dose is 70-180 mgtm3 •
Boron(B). Data related to humans are limited. Several forms of boron are irritants
to skin and mucous membranes. Ingestion of 15-20 gm of borax caused acute
poisoning. Boron particulate fallout damages plants (Malloch et QL., 1979; Sharp,
1976). Exact levels are not given but, for comparison, irrigation water with 10-
100 ppm boron content is toxic to plants (Eaton, 1935).
Carbon Dioxide (C02), 2% in air can stimulate human respiration. Not consideredhazardous when adequate oxygen present (Gennis, 1978). Odor threshold: 74,000
ppm (Amoore 1tl QL., 1983).
Chlorides. Not expected to produce adverse health effects (OXY, 1981).
Ethane (CH..3CHa.)' A simple asphyxiant. No hazard known in well-ventilated envi-
ronments (LJennls, 1978). Odor threshold: 120,000 ppm (Amoore et QL., 1983).
Hydrogen (H2). A simple asphyxiant. No hazard known in well-ventilated environ-
ments (Gennls. 1978).
Hydrogen Sulfide (H2S). Odor threshold: 0.0081 (Amoore 1tl QL., 1983). Increased
neurasthenic effects (fatigue, dizziness, nausea) with long term exposure: above
0.1 ppm. Eye irritation threshold: 10 ppm. Inhalation irritation threshold: 50-100
ppm. Sense of smell stops: 150 ppm. Fatal: 700 ppm . Damage to sensitive
plants: more than 0.30 ppm (Thompson, 1976); 40 ppm for five hours (McCallan
et QL., 1936).
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TABLE 4-1 (Continued)
HEALTH EFFECTS OF AIR POLLUTANTS FROM GEOTHERMAL DEVELOPMENT
Mercury (Hg). The human lung absorbs 75-85% at concentrations of 50-350
mg/m3 , almost completely at lower concentrations (Kudsk, 1966). Inhalation
produces many adverse effects. Mercury may also be absorbed through the skin or
by ingestion. Elimination is slow, resulting in long-term effects which are only
partially reversible. Children appear to be especially susceptible (Britt et.Q1., 1976).
Methylmercury (CH Hg +), the most toxic form, may cause growth deformities
(Walton et.Q1., 1978T. Inhalation of 100 jJg/m 3 can cause chronic mercury poison-
ing, of 1,200-8,500 jJg/m 3 can cause acute poisoning. Occupational exposure to
10-30 jJg/m 3 of elemental mercury may cause slight anemia, hypothyroidism and
increased excitability. Prolonged exposure may cause neurologic disorders (Walton
er al.. 1978). Mercury is toxic to plants at levels in the parts per billion range over
several days (Jacobson et al.. 1970). Over 10 ppm dry weight in plant tissue is
toxic.
Methane (CH4 ) . Odorless. Not known to induce ill effects even at high concentra-tions in ambient air.
Nitrogen (N2). No known hazard from its increased presence in ambient air.
Radon-222 (222Rn). Adverse health effects, including lung cancer, may result from
inhalation of Radon-222 and its short-lived, alpha-particle emitting daughters (BEIR,
1972). There is at present no known level of exposure to radiation below which
no biological damage occurs (Kestin er al, 1980).
Sulfur Dioxide (S02)' Annual concentrations of 0.05 ppm (130 jJg/m 3 ) led to in-
creased frequency of respiratory illness. The threshold for increased chronic
bronchitis in adults and increased acute lower respiratory disease in children is 95-
200 jJg/m 3 (EPA, 1974; 1975). Hospital admissions with respiratory illness in-
creased when 24 hour sulfur dioxide concentrations were 0.12-0.19 ppm (Finklea,
1973). Odor threshold: 1.1 ppm (Amoore et .Q1., 1983). Irritation threshold: more
than 3 ppm (Case et al.. 1977). 1-10 ppm (2,600-26,000 jJg/m 3 ) increased airway
resistance in humans and other animals. More than 400 ppm caused death. 0.3
ppm for 8 hours is toxic to plants (Gauch et .Q1., 1954).
Sulfates. Taste/odor threshold: 700 jJg/m 3 • Irritation Threshold: 350-2,000
jJg/m 3. 10-3,000 jJg/m 3 can cause illness (Case et.Q1., 1977; Layton et.Q1., 1981).
Brief exposure to 700-5,000 jJg/m 3 sulfuric acid mist (H2S0 4) resulted in increased
airway resistance.
Suspended Particulate Matter. The health effects of suspended particulate matter
depend on the particle size and chemical composition. "No effects" threshold: 100
jJg/m 3 (Case !U gh, 1977). Morbidity threshold: 300-375 jJg/m 3 (DHEW, 1970).
Mortality threshold: 200-750 jJg/m 3 • Particles larger than 0.5-2 jJm diameter are
usually trapped in the upper respiratory system and cleared in a few minutes.
Smaller particles may remain in the body for months or years (Case et.Q1., 1977).
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SUBSTANCE PEL
(1)
ppm
EXCURSION EXCURSION CEILING MAXIMUM
LIMIT DURATION LIMIT CONCENTRATION
(2) (3) (4) (5)
mg/m3 ppm
AMMONIA
ARSENIC and
inorganic
arsenic compounds
ARSENIC, organic
compounds, as As
25 18
0.01
0.2
37.5 ppm
.03 mg/m3
0.6 mg/m3
ARSINE 0.05 0.2 0.15 ppm
BENZENE 10 30 25 8 hrs/
10 min
50 ppm
BORON OXIDE 10
BORATES
Anhydrous and
pentahydrate 1
decahydrate 5
CARBON DIOXIDE 5,000 9,000
ETHANE (limiting factor is available oxygen)
20 mg/m3
3 mg/m3
10 mg/m3
7,500 ppm
HYDROGEN SULFIDE 10 15 20 8 hrs/
10 min
50 ppm
MERCURY
alkyls as Hg 0.001 0.01
all forms except
alkyls as Hg vapor - 0.05
aryl and inorganic
compounds 0.1
0.04 mg/m3
0.1 mg/m3
0.2 mg/m3
DUST 10 (5 Respirable)
SULPHUR DIOXIDE 5 13 10 ppm
RADON-222 (1) 3,000 pCi/m3 (3.0 pCi/l) uncontrolled areas
100,000 pCi/m3 (100 pci/l) controlled areas
SOURCE: Summarized from OSHA Publication 5155
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(1) PEL (Permissible Exposure Limit) - the maximum permitted 8-hour time
weighted average concentration of an airborne contaminant. The PEL
reflects the conditions and amounts of a substance to which most workers
can have a daily exposure during a 40 hour work week for a working lifetime
without suffering ill effects. The PEL may be established to protect against
illness, disease, irritation, narcosis, nuisance or other forms of stress.
PELs apply only to occupational settings and occupational exposures.
(2) Excursion Limit - the maximum concentration of an airborne contaminant to
which an employee may be exposed without regard to duration provided the
8-hour time weighted average concentration does not exceed the permissible
exposure limit.
(3) Excursion Duration - the maximum time period permitted for an exposure
above the excursion limit but not exceeding the ceiling limit.
(4) Ceiling Limit - The maximum concentration of an airborne contaminant to
which an employee may be exposed at any time.
(5) Maximum Concentration - where the ceiling limit is not specified, the
maximum concentration to prevent adverse health effects is calculated as in
5155 (c) (2) (B).
(6) In the absence of information to the contrary, the adverse health effects of
exposure to two or more toxic materials during the workday shall be
considered additive.
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HEALTH EFFECTS OF HYDROGEN SULFIDE ON HUMANS
Page 34
concentration
mgLm3
Effects Reference
0.020 to 0.039 0.028 to 0.055
Harmful long term effects on adults and the
growth of young organisms especially infants.
0.070 0.098
Affects light sensitivity of the eye.
0.086 0.12
Increased incidence of mental depression,
dizziness and blurred vision.
0.32 0.45
Increased incidence of nausea, loss of sleep
shortness of breath and headaches following
chronic exposure.
0.71 to 7.1 1.0 to 10
Increased incidence of decreased corneal
reflex (convergence and divergence) after
chronic exposure.
7.1 to 50 10 to 70
Irritation of conjunctiva, fatigue, loss
of appetite and insomnia after chronic
exposure.
10 to 15 14 to 21
conjunctival and corneal inflammation,
"threshold of irritation" according to
Gurinov.
50 to 107 70 to 150
Irritation to eyes, i.e., conjunctivitis
and keratitis with photophobia, after
several hours of exposure.
50 to 100 70 to 140
Sub-acute poisoning, mild conjunctivitis
and mild respiratory tract irritation
after one hour exposure.
100 140
Slight symptoms may appear after several
hours.
Glebova c.b.
Loginova (1957)
Tuan c.b.
Meyer (1978)
Schieler c.b.
IIEQ (1974)
u.S. Public Health
(1964) c.b. IIEQ
(1974)
Rubin and Arieff
(1945), Lewey
(1938) c.b. IIEQ
(1974)
Barthelmy (1938)
Masure (1950),
Ahlborg (1952),
c.b. IIEQ (1974)
Butrin, Arkhangels'
kii c.b. Gurinov
(1952)
Deveze (1957),
Beasley (1963),
Nyman (1954),
c.b. IIEQ (1974)
Yant (1930) c.b.
Moyer (1978)
Fairhall (1957)
c.b. Moyer (1978)
---------- - - - - - -- -_._._. - ...-
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Concentration
ID9.Lm3
Effects Reference
100 140
Paralyzes the olfactory nerve.
70 to 150 98 to 210
Slight symptoms after several hours
exposure.
107 to 210 150 TO 300
Slight systemic symptoms after many hours
of exposure; possible hemorrhage and death
within 48 hours.
150 210
Olfactory paralysis almost immediately.
160 225
Olfactory paralysis.
160 225
Irritation to respiratory tract and eyes
within 1 hour, becoming more severe with
longer exposure, i.e., conjunctivitis,
bronchitis and keratitis with photophobia.
170 to 300 238 to 420
Maximum concentration that can be inhaled
for one hour without serious consequences.
200 to 300 280 to 420
Sub-acute poisoning, marked conjunctivitis
and respiratory tract irritation after one
hour exposure.
210 to 360 300 to 500
Nervous system depression.
210 to 360 300 to 500
Slight systemic symptoms within 4 to 8 hours,
hemorrhage and death within 48 hours.
Poda (1966)
Henderson & Haggard
(1943) c.b. Moyer
Henderson & Haggard
(1943), Haggard
(1925), c.b. IIEQ
(1974)
Evans (1967) c.b.
DWR (1978)
IIEQ (1974)
Nyman (1954),
Ahlborg (1952),
Mitchell and
Yant (1925), Carson
(1963) c.b. IIEQ
(1974), DWR (19
Henderson & Haggard
(1943) c.b. Moyer
(1978)
Yant(1930) c.b.
Moyer (1978)
Ahlborg (1952) c.b.
IIEQ (1974)
Henderson & Haggard
(1943), Haggard
(1925), Mitchell
& Yant (1925) c.b.,
IIEQ (1974)
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Concentration
mg.l1n3
Effects Reference
210 to 360 300 to 500
Irritation to respiratory tract, eyes and
loss of smell within 30 minutes becoming
more severe with longer exposure; photophobia
and dypsnea (difficult breathing) within 4
hours, possible pulmonary edema.
360 to 500 500 to 700
Slight systemic symptoms within 4 hours,
hemorrhage and death within 8 hours.
360 to 500 500 to 700
Irritation to respiratory tract and eyes
and loss of sense of smell within 30 minutes;
dypsnea, conjunctivitis and keratitis with
photophobia within 1 hour. possible
pulmonary edema.
400 to 700 560 to 1,000
Dangerous exposure after 30 to 60 minutes
exposure.
600 840
Fatal after 30 minutes.
500 to 640 700 to 900
Slight systemic symptoms within 1 hour, i.e.
headache, dizziness; unconsciousness and
death .within 4 to 8 hours.
500 to 640 700 to 900
Serious irritation to respiratory tract and
eyes within 30 minutes, i.e., coughing,
bronchitis, pharyngitis, dypsnea, possible
pulmonary edema, photophobia, conjunctivitis
and keratitis.
500 to 700 700 to 1,000
Sub-acute poisoning, dangerous in 30 minutes
to 1 hour.
Haggard (1925),
Breysse (1961),
Mitchell & Yant
(1925), c.b. IIEQ
(1974)
Henderson & Haggard
(1943), Mitchell &
Yant (1925) c.b.
IIEQ (1974)
Haggard (1925),
Breysse (1961),
Mitchell & Yant
(1925) c.b.,
IIEQ (1974)
Henderson & Haggard
(1943) c.b., Moyer
(1978)
Henderson & Haggard
(1943) c i b ,
Moyer (1978)
Henderson & Haggard
(1943), Mitchell
& Yant (1925) c.b.
IIEQ (1974)
Haggard (1925),
Breysse (1961),
Mitchell & Yant
(1925), IIEQ
(1974)
Yant (1930) c.b.
Moyer (1978)
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Concentration Effects Reference
640 to 1,000 900 to 1,400
Systemic effects predominate over local
irritation effects. Systemic symptoms within
30 minutes, collapse, asphyxia and death
within 1 hour.
710 to 1,500 1,000 to 2,100
Lethal to man.
700 to 1,000 1,000 to 1,400
possible acute poisoning, rapid unconscious-
ness, death.
700 to 900 1,000 to 1,300
Rapidly produces unconsciousness, cessation
of respiration and death.
1,000 1,400
Rapidly fatal.
1,000 to 2,000 1,400 to 2,800
Acute poisoning, rapid unconsciousness,
death in a few minutes.
1,000 to 2,000 1,400 to 2,800
Systemic effects predominate over local
irritant effects. Immediate systemic
symptoms, i.e., stimulation of respiratory
(hypernea), followed by respiration inactivity
(apnea) collapse, asphyxia and death within
30 minutes.
2,000 to above 2,800 to above
Systemic effects predominate over local
irritant effects. Paralysis of respiratory
center; immediate death.
Henderson & Haggard
(1943), Mitchell
& Yant (1925),
Simpson & Simpson
(1971) c i b .
IIEQ (1974)
Gurinov (1952)
Yant (1930) c.b.
Moyer (1978)
Poda (1966)
Fairhall (1957)
c.b., Moyer (1978)
Yant (1930) c.b.
Moyer (1978)
Patty (1963) c.b.
Haggard (1925)
Haggard & Henderson
(1922) c.b. IIEQ
(1974)
Haggard (1925)
Yant (1930) c.b.
IIEQ (1974)
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Health complaints have been and are in the process of being collected by several
individuals, concerned citizen groups and by State and County Agencies. A compi-
lation of presently available health complaints has been provided through the work
of Mrs. Hedtke, Secretary of the Kapoho Community Association and through
cooperation with the Big Island Rain Forest Action Group, Colleen Mandals, and
many others. A summary of the results shown by area impacted in Figure 3-16 is
listed in Table 4-4 which includes the tabulation of 123 health complaints.
The compilation is included in Appendix B and lists 26 symptoms tabulated for 17
communities surrounding the PGV site. The odor of sulfur, eye irritations, and
trouble breathing were experienced by every community included in the survey. Of
the 123 respondents, 8 required medical care, 87 (70%) heard the venting noise of
which 85 found the noise irritating (69%), 97 smelled sulfur (79%), 74 (60%)
experienced eye irritation, 77 (63%) experienced throat irritation, 18 (15%) experi-
enced trouble breathing, 24 (20%) experienced coughing and wheezing, and 24
(20%) experienced nose irritation.
The referenced start of eye effects in Table 4-3 occurs at a level of 70 ppb H2S,
with dizziness and depression at 86 ppb, followed by nausea and loss of sleep at
320 ppb. The onset of conjunctival and corneal inflammation, which is the basis of
the OSHA 8 hour worker standard occurs at a referenced 10 ppm (10,000 ppb).
Exposed individuals and families within a one mile radius of the KS8 well venting
were estimated to have been impacted at H2S levels indicated in Figures 3-3
through Figures 3-15. Concentrations of H2S in the first mile (1.6 km) from the
venting site are estimated to have exceeded 500 ppb with centerline peaks above
2,000 ppb (2 ppm). The initial steam and brine cloud is estimated to have concen-
trations of 900 ppm. Emissions that were restricted by the drill rig decking or were
expansion cooled, are estimated to have produced periods where peaks could have
exceed 36 ppm at 528 ft (160 m) and 1.36 ppm at 1.0 mile (1.6 km).
Individuals down wind are estimated to have been exposed to concentrations,
above ambient, as listed in Table 3-1. Peak values, 3 to 10 minute average, at a
68% confidence level are estimated at as far as 10 miles (16 km) to exceed 131
ppb with an hourly average concentration of 81.9 ppb at the plume centerline.
The health complaint symptoms that are compiled in Table 4-4 are referenced at
levels starting at 20 ppb in Table 4-3. Severe eye inflammation at 10 ppm are
estimated to occur for those individuals or families that were exposed to the plume
within 1,000 ft (348 m) of the KS8 well venting site.
A previous health study conducted in 1987 of residents in the Puna area, found
that chronic respiratory conditions including bronchitis/emphysema, asthma, hay-
fever, sinusitis and other respiratory system diseases rates were higher than re-
ported in Hawaii County or statewide in 1983 (Anderson, 1987). Individuals with
such respiratory illnesses are more sensitive to adverse health effects of gaseous
and particulate pollutants.
Other toxic constituents of the steam and brine cloud are listed in Table 1-1. The
Total Dissolved Solids estimated emissions listed in Table 1-1 are estimated to
result in high concentration impacts of aerosols and particulates in the steam and
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brine cloud. For instance the 13 .6 Ib/hr of lead results in an estimated hourly
average exposure at 10 miles along the plume centerline of 8.59 ug/m3 above
ambient. While the exposure time was short for individuals and no long term
adverse health effects are foreseen, the high levels of gaseous air toxics concentra-
tions added to other heavy metals, aerosol, particulates and H2S are estimated to
have given rise to the reported adverse health complaints.
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KS8 WELL VENTING COMMUNITY HEALTH COMPLAINTS
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Name Distance Direction Health Complaint
miles Numbers
Puu Honuaula 0.6 East 4
Lanipuna 3 South 12
Pohoiki Bay Estates,
Leilani 1 Southwest 37
Opihikao Homesteads 1 Southwest 12
Puna Palisades 5 South 3
Kehena 4 South 4
Kalapana Seaview Estates 10 Southwest 9
Black Sands Subdivision 6 Southwest 8
Upper Kaimu Homesteads 7 Southwest 1
Kamaili Homesteads 4 South 4
Kaohe 5 South 3
Ainaloa, Orchid land 9 Northwest 2
Hawaii Acres 8 Northwest 2
Hawaiian Paradise Park 9 Northwest 4
Hawaiian Beaches, Hawaiian
Shores 5 Northwest 2
Pahoa, Nanawale 4 Northwest 9
Kapoho 4 Northeast 7
Total Health Complaints 123
Source:
Appendix B
Big Island Rain Forest Action Group
Colleen Mandals, Pahoa Natural Foods
Kapoho Community Association
---------------------------------
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The following findings are in accord with those in the Element III Part I report. The
focus here is on the air quality and adverse health effects of the event.
The air quality impacts of the KS8 June 12, 13 and 14, 1991 blow-out resulted in
high emission levels of H2S and other air toxics from the project area. Individuals
and families near and surrounding the site for several miles experienced periods
where health complaints resulted from exposures to the released air toxics in the
form of gases, aerosols and particulates.
Local values of H2S, measured and estimated, have been shown to be in substan-
tial agreement within 1.0 mile (1.6 km) of the release site. The zone of high
impact was increased by PGV horizontal venting.
Regional estimated plume transport to 10 miles has been shown to compare to
regional coastal wind measurements, to land and sea based local wind generation,
to local plume cloud sightings, and to the observed chronology and position of
health complaints. Estimates of 10 mile impacts of H2S within the plume cloud
centerline are high enough to yield observed symptoms at concentrations as refer-
enced in the report.
A "worst case" impact event with the same emissions as the KS8 uncontrolled
venting where winds were near calm or at 1.0 mph (0.4 mps) would have in-
creased impacts an estimated 4 to 10 times. Under worst case conditions, the
distance to where health complaints were reported would be extended several fold.
It appears that the event was due to lack of preparedness and mismanagement of
techniques which could have prevented unabated H2S releases. It is our opinion
that the permittee has apparently violated air H2S emissions limits and H2S air
quality impact limits, as well as other ambient air quality standards for other air
toxics, as well as noise level limits and noise level control average criteria permit
requirements.
It appears the permittee has failed to use and/or manage the use of Best Available
Control Technology in abating the air emissions and the noise levels. It appears the
permittee has used equipment not described in the Authority to Construct which
may have added to the air emissions and noise levels during the event.
The DOH air quality and noise permit conditions were stringent enough, if they had
been followed by PGV, to protect the health and safety of the surrounding citizens.
Unfortunately, only a few foresaw the likelihood of such a high concentration of air
toxics emissions and such a prolonged venting period.
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The following recommendations are in accord with those in the Element III Part I
report. The focus here is on avoiding future emission exceeds and in documenting,
in the surrounding communities, possible future air quality impacts and adverse
health effects. It is recommended that PGV pay for any additional expense in -
volved in implementing the following measures:
1. Emissions limits for H2S be vigorously and rigidly enforced by DOH person-
nel.
o. Implement emissions limits with frequent field inspections by DOH
personnel on an unannounced basis to verify compliance.
o. Emission rate measuring procedures, equipment and a maintained
database should be implemented which quantify the emission rates
and log the emissions data.
o. Geochemical analysis of the resources should be verified frequently by
independent laboratory analysis.
o. New resources should be immediately geochemically analyzed at a
frequency at which minimal changes between samples is observed.
o. Developed resources should be geochemically analyzed on a quarterly
basis with more frequent analyses if a 10% change is observed
between analyses.
2. A Puna Air Monitoring Program (PAMPI be formed managed by DOH with
participation by the developer, the local agencies, State agencies, local
concerned organizations and local concerned citizens.
o The PAMP committee should be responsible for managing an inde-
pendent agency or contractor management of the air and noise moni-
toring program.
o Costs of the program should be borne by the developer.
o Monitoring sites should be unified under the PAMP program.
o Sites should establish a uniform Quality Assurance program to stand-
ards establ ished by the USEPA.
o The committee should be responsible for Quality Assurance of all data
with reports unified under the PAMP program.
o The committee should establish routine third party station audits
which should be performed by qualified personnel.
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o Equipment operated in the PAMP program should be as uniform as
possible with uniform data logger formats, and report structures, and
should have data modem-accessible for Operational Management of
Air Resources (OMAR) type functions (see Appendix C).
o The committee should coordinate the availability of data through a
central computer system linked by telephone and/or telemetry so the
emergency response will be automatic 24 hours a day for each sta-
tion.
o The committee should coordinate with a limited number of external
users to the data archiving central OMAR type computer so that non
quality assured data is made available to the public.
o The committee should oversee the recommended equipment installa-
tion and, before further geothermal exploration occurs in the area,
conduct meteorological investigations of the proposed new explora-
tions area to clearly establish the "worst case" micrometeorological
relationship between the area's future geothermal emissions and local
and regional impacts .
3. Modify station positions and install additional meteorological monitoring
equipment and sites to further study the geothermal air pollution meteorolo-
gy of the location and zone of impact as shown in Figure 6-1. Each of the
station changes should be done sequentially starting with the present sta -
tions farthest from the PGV site.
A. PGV Site specific measurement stations - these stations and locations
are designed to define the micrometeorology, the conditions aloft, and
possibly record and give alarm on elevated H2S emission events near
PGV planned and upset venting sites.
o To better define the atmospheric stability and winds near the
surface and aloft near the PGV site, it is recommended that a
40 meter tower be installed at a convenient location near the
present Irvine station. The tower should be equipped with wind
speed, wind direction, temperature and humidity at 40 meters,
20 meters and at 10 meters so that atmospheric stability, and
the magnitude and gradient of temperature, wind speed and
humidity may be obtained. The tower should be equipped with
a data logger and linked through telephone or telemetry to the
central OMAR type computer.
o Discontinue meteorological monitoring at the SW station, since
the station is close to the Irvine station, while maintaining the
air quality monitoring. Equip the station with the ability to
measure H2S in the lower ppb range and with a second instru-
ment or autoranging measure H2S in the mid to high ppm
range. Link the station into the central OMAR type computer
system by telemetry or telephone.
FIGURE 6-1 SUGGESTED PAMP AEROMETIC MONITORING STATIONS PLACEMENT
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B. Surrounding Community Aerometric Stations - these stations and
locations are designed to gain a more regional understanding of the
micrometeorological conditions and provide air quality surveillance and
emergency community warning.
o Relocate the Wade station within the interior of the Leilani
Estates. Equip the station with H2S monitoring in the ppb
range, and 10 meter wind speed, wind direction including
sigma, temperature, humidity and precipitation. Link the station
into the central OMAR type computer system by telemetry or
telephone.
o Relocate the Wood site within the Pahoa community. Equip the
station with H2S monitoring in the ppb range, and 10 meter
wind speed, wind direction including sigma, temperature,
humidity and precipitation. Link the station into the central
OMAR type computer system by telemetry or telephone.
o Relocate the Alvarez station within the Kaniahiku community.
Equip the station with H2S monitoring in the ppb range, and 10
meter wind speed, wind direction including sigma, temperature,
humidity and precipitation. Link the station into the central
OMAR type computer system by telemetry or telephone.
o Relocate the SE station within the Kehena Beach Subdivision
so that coastal conditions are more adequately monitored.
Equip the station with H2S monitoring in the ppb range, and 10
meter wind speed, wind direction including sigma, temperature,
humidity and precipitation. Link the station into the central
OMAR type computer system by telemetry or telephone.
o A uniform method of sampling precipitation at each PAMP sta-
tion should be initiated with regular chemical assessments of
the constituents including heavy metals until the background
conditions are well understood;
o The PAMP committee should oversee development of a uniform
monitoring program of known PGV geothermal air toxics which
through "worst case" dispersion analysis estimation surpass a
health significance level of 1: 100,000 in any populated area.
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4. PAMP manage local and regional air transport studies in future geothermal
explorations areas before initiation of geothermal development.
o A series of "worst case" poor air dispersion meteorological condition
tracer studies should be initiated in new areas of geothermal explora-
tions. If the new area is a step-out from the PGV location, the study
should include releases at the PGV power plant site rock muffler,
simulating estimated steam plume rise, and at possible normal opera-
tions and upset conditions venting points in the well field. Multiple
tracer sampling sites should be situated in communities which may be
impacted in addition to mobile and aircraft grab sampling. The tem-
perature and wind structure aloft should be monitored during the
tests.
o Each tracer study should be paid for by the developer with adequate
funds for the PAMP committee to hire a qualified firm to conduct
the tests. The firm should statistically assess the frequency of "worst
case" that the particular test represents.
o The PAMP committee should be responsible for quality assurance of
the tracer studies, documenting each test and findings and publishing
sufficient volumes of the test description and results so that the re-
sults will be available for developers, engineers and environmental
scientists.
5. The PAMP committee should quality assure monitoring data, document all
quality assurance procedures and publish sufficient volumes of the monitor-
ing documents that developers, engineers and environmental scientists have
access to the documents.
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~ I C R O~ E TE OR OLOG ICA L AI R DISPERS I ON ASSESSMEN: MET H O DO LOG ~ (M kDk~ )
A GEOTHERMA L AIR QUA LIT Y IMPACT ASSESSMENT TOOLBOX
AVA ILA ELE AS S H k R E~k R E
Wils o n B. Gocaard , Ph. D., Ch ief Rese a rc h Eng ineer
a nc
Ch r is tine E. Godaard , M.A., Ch ie f Researc h Geogra p he r
G~D~k R~ ~ GODDARt E ~ GI ~EE R I N G
P .C . b ox 109 &, Uppe r La ke, CA 95 4E5
( 7 07 ) 27 5-0 23E
The new ly co~pleted Microme te orlogical Air
Dispe r s i o n As s e s s me n t Met hoa olog y ( MA DAM)
y e a r l o n g p r o j ect wa s fu nae d by th e
Ca l i f or ~ i a Ene rg r Corn ~ i ssio n t h r ou g h t he
Ge ot he rmal Gra nt f' r ograrr, e n d was ma naged by
the La~e County Air Quality Management
District. The purpose of the pro ject was
t o develop e verif iec ~e thoaol09Y for
ge o t he r ma l a ir q ual i t y i mpa c t e s s e ssme nt
for use by reg ulators, industry end
in tere sted cr ou p s. The developed a nd
ve rifie d method olog y red uces the t ime end
effort normally expended in determining
~e ct herm~ l a i r q u a l i ty impa cts t hr ou g h us e
of A Personal Computer be s e d program.
MADA M is availa ble for interested users
cost free as share- ",are ($~5 registers
users tor new version announcements)
Application, user and reference manuals
.n~ assistance are ava ilable fro~ GODDARD'
GODDARD ENGINEERING. Versions ere
.veilable for CP/~, PC/MSDOC, Apple lIe
(with Applied Engineering zeDboard), end
Mac i ntos h PC computers.
"ROJECT GOAL
The p rimary goal o f the
Micrometeorolocical Air Di spers ion
~sses~ment Met hod ology (MADAM) project was
t o develop and docum~~t a verified
~ethodology that could be used b y the La~e
County Air Quality Manageme nt District
(LCAO~D ) Etaff t.o qu ickly, accure tely and
jnexPEnsively estimate air d ispersion
p ollutant concentrations occurring from a
variety of geothermal e mission sources in
the ~ountainou~ GEysers ~nown GEothermal
Re s ource Area ( KGRA).
The developed air dispersion assessment
~ethodology ",es required to have verif ied
rel iability, and be rea listic and
systematic in evalua ting air Qual ity
impacts from nearby geothermal e miss ion
sources l~ithi n e few ~i l e s ) u nder slaCk
(low) "'ind conditions in ~ountainous
settings (complex terrain).
PROJE CT PRO:E DURES
'The ",ethooolog y wa s de ve Lo pe d , te sted a n d
ve r i fie d u s ing over te ~ ye ars o f excelle n t
a n d e xt e ns i ve m: c r ometeorclogi cal , a ir
q Uc l it y a nd t ra cer a a t e c c 1 l e c t e d i n t he
~ou~ta inou s Gey sers KGRA ana t he Clea r Lake
Air Ilasin.
'Th e MA DA r. p r o je ct was c o no uc ted b y GODDARD
, GODDARD ENGINEERI NG u nae r t he direct i o ~
of t he Lake Cou nty Air Quality Manage ment
District, Robert L. Re y n old s , Direct o r and
Project Manag er Jo hn Tho~ps o n , Air Qua lity
Encineer. A Guidance Committee "'as
a s;e~~le 6 t o a s s i s t wit h t he proJe ct a nd
t o ensure t ha t t h e met hodology was
scientifically sound e nd cou ld be used in
practical applications . 'The Gu idance
committee was comprised of potentiel users
ana technical experts, namely: C.E. ~ooas,
(Chairman), Geysers GEothermal Company :
~elly Ilirkins ha w, california Energy
Commission: Mike call', CEO Operator
Corporetion (C Rr): Mar~ Dellinger,. Lake
Cou nty Geotheru,al Coord inator: Dr. Paul
Cuai~sen, Lawre n ce Livermore Laboratory:
Matt Haber, Enviro nmental Protection
Agency: Ron Jtnieri tr" Sacramen to Municipal
Ut il ity Distric t: Andy Ra nzier i, California
Air Resources Board : Robert Re ynolds, La~e
Cou nty Air Quality Management District ,
Director: Steve S harp, So noma County
Geothermal Coord inator: Ron Suess, Pacific
Ga s ana Electri c Com~ ny : !'I icheel
Tolmasoff, Northe r n Sonoma Cou nty Ai r
Pollution Control District, Director: and
Bob Swan, Mend oc ino County Air Pollutio n
Co ntrol District, Director replaced b y
Robe rt ~allen, r.endocino Commun ity College.
~he project was approac hed b y d ivid ing the
wor~ into five tasks, each of whic h was
Def ined with a statement of how it "'as to
be ac complished and e n approximate time
allocated. The wor~ in eac h task and the
results obtained "'ere the n presented es e
wr itten report an~ a~ e n oral presentation
",ith illustrations to the Guidance
Co mmittee. Each Task Report included
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~ p ~ r o~~ict ~ ~ra F ~ ~ ' ta t )£~ , me p~ e n~
r e f e r e n ce s , 'j n ~ Gui ci a n c te Cor.r:-.itteE me mbe r s
re ~po nde d ~ it h t h~ lr comment.s end
s u o o er: i o n ~ . 'jn e r~ ~e r te, tne r e for e , f ive
G~icia ~ ~ e Comr.i t te e mteet ing5 a ne Fiv~ !aE K
~ e port E. At t he f o ~ r t h Guida nce Committee
ne tt i nc . G::-['JARr 0 GC::JAF.[ Et> G l ~ !:E F.! N G
p r ese n te e t o t hte LC h ~~~ a n aomi n l Etrat ive
v e rs i o n c f ~ A D A Y. l n c l ud in g t h~ com? ute r
F~ o~r a~. . S E V€~aJ ~ ~e !~ : s U 9 ge~: ic~E WEre
Il"cci ~ e t t h i e t ame e r.c i nc o rporat ed i nt o t he
ver51 0 n 1. 0 of KhD~~.
ir ~:€ ~e ~ :a:~ c ~ i~ fer t h~ ~~ ~ )~ :l~ u~ ins
e r. App l lec I.ng i neering ;:60 b oe r c , Othe r
I':h Dh ~ irr.? le menta t i o ns for A?~le l I e ("'i t h
;: c :: ) , !".a d n t o s t.. P :: D C' ~ , KS D::: 5 a nd CF / I"
pe r s c ne l c omp u t e r s e r e ere e va Ll e b Le
t hr ougn GODD~ RD 'GODDARD ENGl~EE Rlt>G .
l t is ex pe cte d t hot a p p r opr iat e use of
~~DA ~ ~i l l re s ult in benE ! ~ts t c s t a t e a no
) c c~ : a 0 V€r n m€ ~te~ ~ ~ P ~. : ) ~ ~ , i n d ~E:r ~' e ~~
t he g e n ~ r c l pUbli c, ~ n c l u c i ns :
Oucrte rl y re per t! a e Ec r i t i n s t he
pr oJe ct' E pro~ r es~ a nc c op ie~ o ~ ~ oc h o f
t h te f a ve Tas'. k e pc r t e a nd t he Pr o je c t Fi na l
~epo r t wer e s ubmit ted to the Cal ifornia
Ener g y Comrr. is s i on's Proj e c t Manage r, ~elly
~ i r k i ns ha ~. Tne proj e c t c omme ncee i n
J c~u~ ry c ~ }~E ( e n ~ t Flna l ~e ~ o~t ~e ~
5 ub mittec t c t he CE: o n Marc h 2 C, 1 9E i.
C rr,e i ~ ': n 9 t he pe r rr i t t i n c P: OCE'~!= e c r e
t i ~e l y by e l l o ~ i n c ra p i e ane a c c ur a t e
a ~ s es s rn e n ~ of c i r q uc l i t y irn?e:t~:
o pr o tectio n of pu blic healt h by all o~in;
pr ompt l acc urate eS5e ss me nt of e ir
q ut li ty i m?act, es pe c ia l l y i ~ t he s e
Cc SEc: "'he rE ge c t he r r.c l e c t i v; t y t.c~
gr o..'r, into populate e a rea s :
STEPS IN ~BE MkDA~ METHODOLOGY
l. Source Plume Cher6cteriza~ion - all
1ectors effeetrnS p1ume rlse are oescr ibed
as i np u t parameters to t he MhD~M computer
p r ce r e n. , l n pet parameters include: exi t
stac k heic ht, source 6tack cia meter,
tempe rature-cf the e mission. cool in; to~er
~ ill me ter and nu r..be r, ~olecul e r weig ht of
o facil itllte the prompt e nd in e xpe ns i ve
permi t t i ng o f s ma l l si z e (12.5 mege~e t t)
"arop i n place" ge ot he r ma l e lec tr ic
po~er plantE : 0 ~ore o p ti ma l util ization
o f t he ava i le ble e ir e nc ge o t hermt l
resource s a nd a voida nce o f those ~eather
cond itions lelld ing t o ~eve re air q uality
l rnpact e ve nt s t ~ r o u 9 h ge ot he r mal
activitie s manage ment:
ti~e cons urdng
tests e nd
eir que Li t y
~ode l i r. ?
quell ty impact
eite 6election
M~DhM OSER SU~M~RY OVTL1NE
OCTL1NE OF THE MhDA~ ME THODOLOG Y
avoida nce of the need fo r
and expensive tracer
s c?his ticated numerica l
ir.:;:.a ct
prompt end ti~ely air
assessment in the
planning process: ene
o
e
MADAK is a s ingle source, multi ple receptor
air d ispersion methodology. If m~ltiple
6 0urces are in~olved s uc h as whe n e
c umulative air Quelity ~ mpa ct a nc l ys is is
cond ucted, the n M~DA~ is applie d to eac h
e r.: issi on source end the results are added
et t h ~ selected rece ptors . The 60urce
e rniss io r. ~a y be gllseous end /or pert ic ulllte
e ma net inc from stell m. cool inc to~ers or
ot her s~urces. Particulate -matter in
e rr. iss ionE are assumed tc be sm~ ll enouc h e o
that they have insignifican t se ttlin9
veloci ties.
~CCOK PL1 SHMEI'I'IS
Tne LC~O~D etaff has bee n s upplie d ~it h
the Mkn~M vers ion 1. 0 corrputer program, and
t he m(thodology's Ap plication, User and
Refere nce Ma n ua ls. The s ta~! has been
trained in a n umbe r of ~AD~~ a p p lications
e nd USer 5up p orted tre in ing 6e ssicns are
p lanned f or t he future. This
The K1-.DAK pr c j e c t ha s ' o e v e l ope d a
Persona l Comp uter-basee ~ethooo log y for
r8 ? id a n d acc ure te as se ss me n t of
conce ntret i o n of a ir pollu ta nts , at ten
6e lected locations ( r e cep t or s), whic h are
t he re s ~ lt o f e s i ns l e e r.is s i c n (pellu t i on)
60urce. ~kDh~ was ae velopee for use in all
terrai n 5 e ttings i n c l udi ng mountains,
va lleys , bll: ~ fs a nc flat pla ins. Plume
rise i6 e st.mateO for various types of
err.ission &ources includin; stea m, cooling
to~erf and othe r gaseous re leases.
~tmospheric ste bilities ranging 1rom
..«tremely unsta b le t hroug h extremely stable
ere ee jtected 10r use i n estimating plume
r ise a ~t eir cispers ion concentrations.
The des:ription of the e ~ission sourCE, the
weather cond it ions. the te n rece ptors and
respective elevations are entered by the
user. an d storec on computer c is k files.
For anot her application these files may
then be retrieved . the values for any of
tne SE inpet varia ble s ~epi~ ied. end the
ne~ va~iable values stored unoer e ne~
ap plica:ion na me. ~ll algorithms are
acjustEc ~ith i n the computer progra m fo r
t heir respective elevation, te mperature,
hu mid i ty end ~i nc speeds. ~ll air
d i spers ion c e n c e n t r e t.Lc n e s t f me t e s ere
accompa nied ~ith e n eng ineering error
esti mate ~hic h ind icates their calcu lated
4/- uncertainty. Tne methodclogy is
restric ted t o applications where the
e mission eource is near to the receptors
(~ithin J O ~iles) under 6lack (less tha n 10
mph) ~inci speeds.
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e missions , source steam flow rate, non-
stea m flo~ rate, atmos pher ic press ure,
s o urce e l e va t i o n a n e r efere nce wind s peed,
te mperature and hu mi d ity.
1. through 5. The f irst MA DAM menu prompts
for a file o f input parame nters. Use r
s e le cti on s a re s ho wn i n t he f ollowi ng a s <>
containing the first letter of the choice.
• •• **. * *** ••••••••••••••• * ** •••••• ••••• ** • •
MADAM OP E~ING ME~U
<C>ha nge s CHA NGE NEEDED TO I NPUT PARA~ E T E R
VA LUES
IN PUT
<M >a nu a l
<F> i l e n a rne KHEN N8 CHAN GE TO
PA~AMETE R VALUES NEE DE D
ENTER CO~MAND <>
ENTRY OF IN PUT PARA~ETER VA LUES
KHEN NO f I LE EXI STS
• ••••••••••••••••••••••• ** •• **** ••• ** ••• **.
3. Topograp ~ic A~ a l y s i s - t he t o p og r a p hy of
t he are a is s t ud l e d a nd maps dra~ n of all
s ig n ifica nt f ea t ure s s uc h a s moun t a in pea ks
and ridges , canyon s, stee pne ss of slopes
a nd their compas s orie ntat io n (aspect),
valleys , bl u f fs and c ol s n ~ te d . All
pol lut ior. e ~ iss i o n s s o u rce s a nd r e ce pt ors
of interest are identified on these maps.
2 . De t e rrr.ine t he Me t e orol oa i ca l Co ndi tion s
f o r the s o u rce-are a b y re vie ~ a nd asse mbly
of a l l mete or olocical a nd c l i ma t o l oa i c a l
data, t r a c e r a n d other dispe rsion -rei at ed
s t ud ie s a v a i l a bl e f o r the a r ea .
4. Flow Pat hs of Mes oscale a nd Local Winds,
pertlnentt:"Otne a re a of i nte rest are~n
fr o m a v a i la b le da t a s ources o n the
t opographic area map. Ma ps of esti mated
wi nd re g i me s are draw n f or e a c h impo r t an t
type suc h as night-early morning drainage
wind s ( k a t a ba t i c) a nd da yti me
u pslope/upva lley wi nd s (ana ba tic ). The
predominance of meteorological features
such as marine air intrusio n , lake or ocean
shore breezes, or river basin local wind
developments are shown on these maps.
5. Trajectory Paths are estimated and drawn
_ ~n each wlnd---regTme map of the area for
each e mission source. Distances are
meas ured and recorded from each e mission
s ource along each es timated plume path to a
li ne at rig ht angle to each receptor of
interest. At eac h receptor, the horizontal
distance from the receptor location to the
plu me center line is measured and recorded.
This approach constitutes the best estimate
of the most probable .a~r quality impact.
It is important to consider possible
conditions which may cause more severe air
quality impacts termed -Worst Case-
scenarios. These include a case for
~ountainous terrain plume impinge ment where
ele vated p ollutants are lofted to the
ground. While plume im pingement may occur
infrequently, the existence of elevated
temperature invers ions constrained by
topographic features such as valley sides,
bluffs or mountain sides ca n force elevated
plumes to the ground. In the Worst Case
scenario, it is assumed that pollutants
could move in near straight line distances
even though the necessary wind patterns ~ay
occur infrequently. Worst case scenarios
are most suitably presented in tabular form
with all ass u mptions clearly stated .
6. Use of the MADAM Comp uter Air Dispersion
Program-can-no~in w1th the-selection of
the Input parameters developed from items
The MA DAM p rogra m ha s 86 inp ut parameters
whic h ca n b e s pec ified a nd s t ored i n a n
inpu t d i SK f ile. Ma nua l e ntry may be
s elected b y <M>a nual altho ug h it is ofte n
ea s ier t o c ha nge a s i mi la r a p p licati o n
input file and the n store it under a ne w
file na me. If cha nges are necessary to a
f ile then s elect <C>hanges. The cha nge s
may be stored under a new filename when the
user has completed the changes. Select
<F)ilename when no changes to the input
file is necessary since this then skips the
input change menus. If <C>hange or
<F)ilena me are selected, the user is then
prompted for a filename.
..
FI LE NAME PROMPT
ENTER <FILE NA ME> AND RETURN
The user mus t enter a valid file na me which
is on the specified disk drive. Jf
<C)hanges are specified, the input file
will be displayed in a series of screens
that the user may alter. At the bottom of
each input parameter list, a prompt will
appear requesting the index number of the
parameter t hat the user wishes to change.
PARAMETER I NDEX CHANGE PROM PT
•••••••••••• *** •••••••••••••••••••• ** ••••••
ENTER NUMBER - <1 THROUGH 18) FOR VALUE
CHANGE, OR <RETURN> FOR DONE
To change an input parameter value, the
user enters the Index Number and presses
<Return). ~he input parameter name and
present value appears at the screen bottom.
The user then enters the new value and
presses <Return>. The new parameter value
the n appears in the input parameter
listing. The user continues to make
changes until all of the desired changes.
are made t o that scree n. When the user Is
read y to see the next screen of input
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pe r a me t e r s , <Retu rn> is entered wi thout an
Inde x Nu mber and the ne xt scree n i s
d is p la y e d.
S URFACE ROUGH NESS COEf FICIE NT
Surfa ce , He i g ht ~ Rou g h ne s s f t.
I ~ P UT P ARA~ETER LIS T 1 THROUGH 1 8
~ A DA ~ I~ ? UT Ph FA ~ E TE FS 1 THROUGH I E
SO URCE AND METEOROLOGICAL CON DITIONS
Emis si o n Sou rce a nd Me teorol og y
9 .3
6 . 5
5.4
4 . 2
0 . 3
0 .72
0 .2
0 .06
0. 000 1
0 .00 01
0.00 01
9 .8
3 . 0
2. 0
0 . 6
1 8
11
MADA M IN PUT PARAM ETERIN DEX
[19] Receptor 1 Plume Pat h Distance, III 1
Distance along plume pe th from the
e mission eource to a line from
Re ceptor 1 normal (at rig ht angle) to
the plume path.
[20] Receptor 1 Elevation, ft
S urface elevation above sea level at
Receptor 1.
Receptor Description
The next 40 input parameters of MADAM
describe the position of each of the 10
selected receptors in relation to their
respe c tive d ista nce along the plu me path
fro m t he e missio n source, their respective
elevation, their respective horizontal
distance away from the plu me path cen~er
line and their respective height at which
the pOliutant concentration is to be
estimated.
[15) Reference Te mperature , F
S urfa c e a ir t e ~ pe r a t u r e a t s o urc e a n d
alo ng plume pat h.
[16] Ca pping Te mperature I nversion Heig ht,
fla g 1
He i g ht at whic h p lume's u pward
d i s persi o n i s tra p pe d.
[17) Reference Re lative Humid ity, decimal
S u rfa ce re lat ive hu mi di ty at s ource
and along pl u me path.
[18] Height Of Mete orological Referenc e
Da ta I ft
Instrument heig ht at which reference
conditions s pecified.
RECEPTOR 1 THROUGH 10 DESCRIPTION
IN P UT PARAMETERS 19 THROUGH 58
INPUT PARAMETER LIST 19 THROUGH 58
Fore s t
o r c he r d Trees
Large Ci t y
Cor n Fi e l d s
Bru s h
Ce r e a l Cr o p s
Gr a s s
Ro u g h .. a t e r
Smoot h Gr o u n d
Smo ot h \<i a te r
Pa ve ment
MA DA M I NPUT PARAMETERIN DEX
[1] So urce Stack Height, ft
He i g ht at wh ic h e missi o ns are release d
b y the source .
[2] S o urce Stack Dia meter, ft
Di a met er o f s o urce e missio n release
point.
[3J Source Stack Exit Te mperature, F
Temperature of source emissions.
[4] Source Cooling Tower Diameter, ft
Diameter of cool ing tower exhaust.
[5] S o urce Numbe r Cooling Tower Cells
Nu mber of cooling tower exhaust fans.
[6J Source Cooling Tower Exit Velocity,fps
Cooling tower e xhaust fan exit
velocity.
[7] S o urce Molecular Weight Exiting Gas, g
Average molecular we ig ht of source
e missions (Air= 29, Stea m= 18).
[8J SourCE Stea m Flow Rate Exiting, lb/hr
Flow rate of steam source e mission.
19J Source Pollutant Emission Rate, lb/hr
Pollutant source bmission flow rate
gas or particulates.
[10] Other S ource Flow Rate, cfm
Source e missions flow rate other than
stea m or cooling towers.
[11] Sea Level At mospheric Pressure, inHg
Sta ndard Sea Level = 29.9 inHg
[12] S o urce Elevation, ft
Source ground leve l elevation above
sea level.
[13] Reference Wind Speed, mph
Surface wind speed at source and along
plume path.
[14] Surface Roughness Coefficient, ft
Typica l values are selected from the
following:
The f i r s t 1 8 i np u t par a mete r s o f I': ADAI':
d e s c ri b e t he e mi s si o n s o u r c e and t he
me t eo ro log ica l c o n d i t i o n s occ u rinc d u r i n c
p lu me tr a r.s p o rt . I': h DA ~ mak es a l l ~ecessar y
c o rr e c ti o n s f o r t h e a lt it ud e of t he s o u r c e
a nd met e o r o log ical c o nd iti o ns a l oft. Ea c h
input pe ra meter is d escribed in t he
f o Ll ow i n g :
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ppbv'
pollutant
exa mple 24
[21] Re cep tor 1 Pl ume Hor izontal Dista nce,
ft
Hor iz o ntal d i sta n c e fr o ffi Re ce pto r 1
n orma l (at r i g ht a ngle ) t o t he p l u me
pat h.
[22] Re cep t o r 1 He i g ht Ab o ve Gr ou nd Level,
ft
Heig ht a b =v e gr ou nd a t Re ce?tor 1
wh ic h polluta nt c o nc e n t ra t i o n i s t o be
e stimated.
[ 23] t h r o ug h [ 56) si ~ilar f o r Rece ptors 2
t hr ough 1 0 .
IN P UT PARAM ETER LIST 59 THROUGH 79
MADA~ Air Di seersio n Pollutan t
Co ~ ce ntratl o n I s o p l et hs
Pollutant concentration isopleths data
ere calculated by MADAM for the General end
for the Co mplex Terrain dispersion
a p pl ications. The user is requ ired t o
input the s urface ele vatio n along th e plume
path end the he ig ht above the ground et
wh ic h t he iso pleth s are t o b e cal c ulated.
The user els o specifies the 10 des ired
polluta nt conce ntratio n isopleths in hourl y
a verage parts per b illion (ppb v ) at whic h
the horizontal distance from the plume
ce nter li n e is to be ca lculated.
INPUT PARAMETERS 59 THROUGH 79
POLLUTANT CONCENTRATION ISOPLETH S
_~ MADAM INPUT PARAMETER
[59] Elevat ion At 0 .25 Mile Along Plume
Path, ft
Surface elevation below plume path at
0.25 mi fro m the source.
[60] Elevation At 0.50 Mile Along Plume
Pa th, ft
Surface elevation below plume path at
0.50 mi from the source.
[61) Elevation At 1.0 'Mile Along Plume
Pa t h , ft
Surface elevat ion below plume path et
1.0 mi fro m the source.
[62] Elevation At 1.5 Miles Along Plume
Pa th, ft
Surface elevation below pl u me path et
1.5 mi from the source.
[63) Elevation At 2.0 Miles Along Plume
Path, ft
Surface elevation below plume pat h et
2.0 mi f rom t he source.
(64) Elevation At 2.5 Miles Along Plume
Path, ft
Surface elevation below plume path et
2.5 mi from the source.
[65) Elevation At 3.0 Miles Along Plume
Path, ft
Surface elevation below plume path et
3.0 ~i fro m the source.
",
[66 ] Elevation At 4.0 Miles Along Plu me
Pa t h , ft
Sur fa c e e le vati o n b elow plume pa t h a t
4. 0 mi f rom th e s o u rce.
[67J El e va t i e n At 5 .0 ~ i l e s Alon9 Plu ffie
Pa t h , f t
Surfa ce e le va t i o n below p l ume pa th at
5 . 0 mi f r o~ t he s ou r c e .
[ 6 8 ] Ele va t i o n At 6.0 ~ i l e s Al o ng Plu me
Pa t h , f t
Su rface elevati o n below plu~e pat h a t
E. O mi f r om t he s our ce .
[6 9J Is ople t h Hei g h t Ab ov e Gr o und, fta gl
Heig ht a b ov e the gr ou nd at wh i c h t h e
isopleth conce ntration estimate
i s t o b e ca lcu lated.
[7 0 J Is o p l et h Co n c e ntrati o n I, ppbv
Lo we s t va l u e of de s ire d po l lu t a n t
concentration isopleth, for exa mple 4
ppbv .
[71J Isopleth Conce ntration 2, ppb v
Th e nex t des ired polluta nt
c o nce ntrat i o n isop let h, f or
exa mp le 8 ppbv.
[72] I s ople t h Co nce nt rat ion 3, ppb v
The next des ired pollutant
concentratio n is o plet h , for exa mple 12
ppb v.
(73) Is opleth Concentration 4 , ppbv
The nex t des ired polluta nt
conce ntratio n isopleth, for
exa mple 16 ppbv.
[74] Isopleth Co ncentration 5, ppbv
The next desired pollutant
concentration isopleth, for example 20
.p p b v ,
[75) Isopleth Concentration 6,
The next desired
co nce ntra tion iso p leth,
ppbv.
(76) Is opleth Concen tration 7, ppbv
The next desired pollutan~
concentration isopleth, for example 28
ppbv.
[77] Isopleth Concent ration 8, ppbv
The next desired pollutant
concentration isopleth, for exa mple 32
ppbv .
[78) Isopleth Concentration 9, ppbv
The next de s ired pollutant
concentration isopleth, for exa mple 36
ppbv.
[79) Isopleth Co ncentration 10 , ppbv
Highest value of desired pollutan t
concentration isopleth, for exa mple 40
ppbv.
INPUT PARAMETER LIST 80 THROUGH 81
M~DAM Valley end Bluff Applicat ions
~he Valley end Bluff MA DAM applications ere
used when the valle y or bluff sides impede
plume horizontal dispersion. The Valley
width or the
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d istance t o the Bluff from the plu me center
line are input para meter s for thes e
a pplicat i o ns.
I NFUT P~ R A~ E TE R S eo A~ D 81 V~ L L E Y
~ I D T H AND BLUFF DI STANCE
I NDEX M A DA ~ I NPUT PARAMETER
( 80) Di sta ~c e Ac r o s s Va l le y , mi
Di Eta ~cE ac r OE S t he va l l ey a l o ng ~ hi c h
t h e plu ~e pat h f oll ows.
(8 1 ] Di stance To Bl uff, rro i
Distance fro m pl ume path center line
t o the Bluff.
I NPUT PA ~A~ ETER LI ST 8 2 THROUGH 8 £
Esti mation of Errors
MA DAM Dlsperslo n Esti mate s
All of t he air dispersion esti mates ma de b y
MADAM are accompanied by a ./- value.
This value is a calculati on of the 68%
probability, assuming random and normally
distributed errors, that the MA DAM estimate
lies be t~Een t hose . /- b ounds. Percentage
uncertainties are user inputs for the
follo~ing d ispersion variables:
INPUT PARAMETERS 82 THROUGH 86
ASSIG NMENT OF PARAMETER UNCERTAINTIES
INDEX MADAM INPUT PARAMETER
[82] Source Pollutant Emission Rate
Uncertainty, decimal
Perce ntage error esti mate of
uncertainty i n the polluta nt
e miss io n rate.
(83) Wind Speed Uncertainty, decimal
Percentage error estimate of the
uncertainty in tp~ reference wind
speed.
[84] Horizontal Dispersion Coefficient
Uncertainty, de cimal
Percentage error estimate of the
uncertainty in the horizontal
dispersion coefficient Sig ma Y.
[85] Vertical Dispersion Coefficient
Uncertainty, decimal
Percentage error estimate of the
uncertainty in the vertical
dispersion coefficient Sigma Z.
[8 6] Plu me Rise Heig ht Uncertai nty, decimal
Percentage error estimate of the
uncertainty in the plume riae
height estimate.
USE R PROMPT FOR NEW OR OLD INP UT FILE NAME
Up on c ompleti ng t he c ha n g e ~ de sir e d t o t he
MA DA M i n p ut para meters, a menu will appea r
r e q ue s t i ng a n e~ f i l e na ~e o r a n option f o r
t he c ha nge s t o b e s t o re d i n t he ori g inal
f ile •
................... _ .
EIT HER ENTER NEW <F I LENAME> AND PRESS
RETURN FOP NEK DI SK FI LE
OR ENTER <F >i n i s he d FOR PARAME TER DIS K
FILE I N ORI GI NAL FI LENA ME
••• *.* ••• *****************************
If th e user d e s ire s t o st o re in p ut
pa r a mete r c ha ng e E u nde r t he o r i gina l
file na me the n select <F)i n is hed. For a
new file na me enter the new file na me
the n <RETURN). The file na me co nve nti o n
8llo~s 8 letters f ollowe d b y a 3 lett e r
prefix (for e xa mple, POWERPLT.IPT) If
the input file ~as entered manually, then
the prompt will only in c l ud e a request
for a file na me.
EMISSIO~ S OURCE TYPE SE LECTION
The user is as ked to s elect either
<S)team, <C>ooling Towers or <O)ther fro m
the list of Emission Sources.
••••••••• *** •• *****.**.** •••••• *******
PLUME RISE CALCULATIONS
SELECT DESIRE D CAS~.
***.* ••• ** •• *****.*******.*.* •••••••• *
SE LECT TYPE OF EM ISSION SOURCE
ENTER COMMA ND
<S>tea m, <C>o oling Tower , <O)ther Source
*** ••• ***************.*.*.************
ATMOSPHERIC STABILITY SELECTION
The user is requested to choose the
Pasquil Atmospheric Stability Class A
t hrough G. The atmospher ic stability
classes are described by typical exa mples
of temperature profiles aloft and typical
horizontal wind direction standard
deviation, Sigma. A typical day will
begin with stable conditions in the early
morning followed by neutral in mid
morning then unstable through late
afternoon. Neutral will again occur in
the early eve n ing with increasing more
stabile conditions throughout the night.
The relationship between weather
cond itions and stability classification
are described in the following:
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REL ATI ONSHI P OF ATM OSPHERI C S TABI LI TY CLASSES TO WEATHER CONDITI ONS
CLASS CLASS
A - Ex t r e me l y Unst abl e Con d i tions
E - ~ : ~ ~ r2 ~ E l y C ~ ! t ~ b l e ( cn~iti c n~
C - Sli g htly Uns ta ble Conditi o ns
D - Ne c t r a l Co nd i t i o n s •
E - S l i g ~t ly Sta : le C c n ~ iti cns
F - Mode rately Sta ble Conditions
G - Extr e mel y St a bl e Co nd iti o ns
Day ti me Sun li g ht
S tr o n ~ Modera te Slic ht
Cl e a r
G
G
F
E
D
Sur f a ce Wi nd
~mrh
< c . 5
... 5
9 .0
13
) 13
A
1.- E
B
C
C
1-.- B
B
B-C
C-D
D
B
C
C
D
D
Ni g htti me Co n d ition s
Cl o ud Co ve r··
>=~ <37b
E F
E f
D E
D D
D D
• Applica ble t o heavy overcast a nd ma r i ne intrus i o n, da y or nig ht
•• Cloud iness is def ined as that fractio n of the s ky above the
local hor izo n wh i c h is covered b y clouds.
The selection is made by the user of a stability class <A> throug h <G>
fro~ the followin g menu:
ATMOSPHERIC STABILITY CLASSIfICATION
SELECT DESIRED CLASS
.**.*_* ••••••••••••••••••••••• __••••••••• * •••••••••• _•• e ••••••••••••
ENTER COMMAND - Select Atmospheric Stability Classification
Atmospheric Stabili ty Typica 1 Tempera t ur e Gradient Wind Sigma
Class C I 100 8l F I 1000 ft Degrees
- - <A) Extremely Unstable <
-
1.9 <
-
17.5 25
<B) Moderately Unstable 1.9 to <- 1.7 10.4 to <- 9.3 20
<C> Slightly Unstable 1.7 to <- 1.5 9.3 t o <- 8.2 15
<D) Neutral 1.5 to (- 0 .5
-
8.2 to <- 2.7 10
<E>
-
S l ightly Stable
-
0.5 to < 1.5
-
2.7 t o < 8.2 5
<F)
-
Moderately Sta ble 1.5 to < ~.O 8.2 t o < 22 2.5
<G> Extremely Stable ) .. 4.0 ) co 22 < 2.5
•• et* __ ••• _ ••••••••• __ • __ ••• _ ••• _ ••••••••••••••• __ ••••• * ••••••• __._ •
• I
~ADAM REPORT SE LECTION S
MADAM OUtput Reporting Selection Menu
The <S)creen selection refers to reporting
results on the computer console only with
no recorded record. The <P>rinter
selection allows a hard copy to be printed
i~mediately. ~he <T>ext File option writes
results to an ASCII d is k file for later
printing or word processing. The Text file
option 1s followed by a prompt requesting a
file name. "he Pri nter and 'J'ext file
options report all results also to the
cOlItputer console. The Printer .nd Text
1i1e options both record the MADAM input
parameters as well as the ~ADAM results.
After ~he use r selects the aesired ~ode of
reporting, ~ADA~ will proceed with the
report.
MADA M REPORTIN G MODE SELECTIO~ MENU
••••••••••••••••••••••••••••••••••••••
SELECT DESIRED MODE FOR MADAM OUTPUT
ENTER COMMAND - OUTPUT TO <S)creen,
<P>rinter, ~T)ext File
•........ --_ .
MADAM PLUME RISE REPORT
'J'he plume rise report lists the type ~f
e~ission source and the etability
condition. "he buoyancy plume rise 1e
listed above ground level. Additional
p lume r ise occurs ~ue to the heat of
condensation from moisture and is listed as
a perce nt. The jet effect of the released
" 3
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AVERA GI NG TIM E VERS US M~DAM ES TIMhTE Se ~is s i o n s o u r ce is l i s ted a s the momen tum
. pl ume r i s e . T h e c o nd it ions al of t wh ic h are
c a l c ul a t e d f rom th e su r f a c e refere nce
c o nditi o n s ar e listed a s t h e a ve ra g e wind
s p e ed a n d t e ~perat ure a l o ft. T h e refere nce
~ i ~ ~ ~ ?e ~ ~ a rl 5 t e ~.?e r~ t u r e a r e 6 1~ ~ liste ~ .
AVERAGI NG 'TI ME 1'\L' L" I F'LY r. .I-.[l A~
ESTIMATE EY
lo G
M ~ DA ~ C ~ S E SE L E C TI O ~ 15 nt, UTES o, E2
M A DA~ PO L L UT I O ~ CON : E ~ T~A TI O~ ES TI r. ~ T E S
ISOP LETHS
Th e u s e r ha s t h e c h oi ce of <G>e neral or
<C>o mp l e x Terrain i s o p let h s o f
conce n t rat ion, o r < ~ > o f o r p r o c r e r e n o ,
From the isoplet h report of the t~n
locations along the plume path, the user
ca n p l ot t h e d i s ta nce normal to t he plu me
path ce nter line o ut t o eac h de sired
conce n tratio n isoplet h. I nterconnecti o n of
these p oint s for eac h of the selected
hourly above ~mbient concentrations
prod uce s an isopleth for eac h de sired
conce ntration.
Ea c h of te n l o cation s are re ported from
whic h is o plet h s of t h e s e le c te d h o u r l y p p b v
c o nce nt rat i o n s may b e plo t t ed . Eac ~ of the
10 locations, 0.25, 0.50, 1.0, 1.5, 2.0,
2. 5, 3. 0, 4.0 , 5. 0 a md 6.0 mi , are
reported separately . The isoplet h report
lists the he ig ht at which estimates were
calcula ted as 32.8 ft ( 10 m) above the
surface. The plume center line hourly
concentration, above a mbient, at this
he ig h t is listed in ppbv. The horizontal
d ista nce normal to the plume 'c e n t e r l i n e
o ut to the de sired is o p let h is listed for
te n use r s e lec te d interva ls s uc h as fro~ 4
t o 4 0 p p b v.
C.3 6
C. 5 l
0 .61
Hourly average s re ported b y MA DAM
bee n o btained b y m~ l t ip l y i ng by 0 .61 .
2<: HOURS
3 . C H O~ P.S
1 . 0 HOUR
No te:
h e v e
Sel e ctio n of t h e d e sire d MA DAr. appl ica t i o n
c a s e d e p e n d s u p o n t h e t o p og ra p h ica l ter r ai n
feature s. Tne <G> e n e r c l c e s e i s i nte nd e d
f or g e n t l y r c l l i ng a n d f l at t o po g ra p hy or
f or c a s e s where t h e pl u m€- f o l l o~ s t he
t errain feat ure s. The <C>o mplex Terrai n
cas e is i nte nded for mou nta inous terrain
wh e re plu me i mp i ng e me nt ma y occu r . The
<V>al l e y c ase i s inte n de d f o r s i t ua t i o n s
wh e re t h e va lle y s i d e s i mpede p lume
d ispersio n . T he <B>luff case i s inte nded
f o r cases where a bl uff im pede s plume
d i s p e r s i o n . Th e <f> u mi gat ion c ase is
i n te n d e d f o r s ituati o ns wh e re p o l l uta nts
di sper se i nt o s ta b le a ir and the n are later
mi xed t o t h e s u r fa ce re c e p t o r s.
MA DAr. REPORT LENGTH
The user may select fro m the MADAM
re p orting sele ction me n u a n <A>bstract
s u mmar y or <f>ull report on eac h of the 10
receptor locations .
MA DAM <f>ull reporting output lists the
Receptor distance along the plume transport
- -path end the p ollutant concentration above
a mb ient in ug /m··3 whic h is then converted,
us ing the Receptors ele vation and
t e mpe ra t ure , t o p p b v. Ho url y con v e r sions
ar e l i sted whe re the MADAM few minute
a vera g e is mu l t i p li e d by 0.61 to
c o nvert to a n hourly average. The
re maining details of the estimate include
the re ce p tor elevation, t he invers ion
heig ht, t he dista nce ' Ifrom t he receptor
~ l on9 ~ normal line to the plume path, t he
h eig ht at wh ich the poll uta n t conce ntrat ion
was calculated, the stack level wind 8peed
end the Ga ussian dispersion coefficients
S ig ma Y and Sig ma Z.
An <A>bstra c ted hourly s ummary reporting is
a vailable to the user wh o d oe s not want all
of the informat ion con tained in full
reporting.
If longer a veraging times are desired, the
c o nce ntration e s ti mates of M~D~ ~ay be
multipl ied by the following:
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CONCLUSION
This concludes the c onde nsed summary of
MADAM features. We encourage e11
interested parties to obtain a copy and use
the methodology to assist them in their
air q uality impact assessment needs.
All those interested i n a training 6eminar
on ~ADAM whic h will be conducted late
summer or early fall are encouraged to
contact GODDARD ~ GODDARD ENGINEERING.
~e a p prec iate the
William R. Kn ut h,
MkDAM project.
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HEAl..TH aJRVEV BUMMARV FROM Ii I RAG AND f'AHOA EKPDR IUM OUE.ST ION~1R£:5 FOR
kS-B BLowtUT OF JUNE 12, 1991.
CODt NO. ~BPIYISIDN NAME NO,DE FDRMa.
.a. ~u Honu.ula •2 L.a"lpuna 12
:5 Pchcik1 B&y Ewtat••• L..l1anL 37
• O~1h!kao Hc~•• t ••d. 12IS ~ul'la Pal1..ad•• 3
f:J lC.h.na 4, Kelapa"a S••vL.w Estat•• .,
a Ilack Sand. SubdLvisio" 8, Uppgr k&!mu Ha~•• t.&d. 1
10 Kama!l! HO~•• t.Ad. 4
11 kaohe :!
12 A1na,a•• Or-ehlel.nd 2
13 H....U .• n Acr•• 2
i. Hawaiian ~.~.dt•• Park •l' Hawa!lan B.arh•• , Hallleiia" Shor•• 216 ~at\aa, Nan.wal. tt
17 KApDhD 7
1 2 :s 4 II 6 7 8 '9 10 11 12 1.3 14 .., l6 17
- OdQr of Sulfur • 11 29 11 2 4 • e 1 4 :2 1 ~ 1
,. 4
Lo~. of Sm.ll/T~5t~ 2 J 1
Ey. I,.rit.tion e 10 26 ., is 4 1 1 J .1 4 :I ~ 2
Nla. l .. rlt.at1on 1 • 9 1 1 .1 2 :2 1 :zThp"cat Irritat.ion 6 10 19 ., 1 :s 7 2 4 :s 1 1 4 2 4 :1
T~oubl. Br.alhln~ 3 , 11 • 2 ~ :2 2 2 1 :2 3 2COuQhing Wha••in~ :2 ~ Ii 1 1 1 2 1
Hyp.r."cltabl1Ltv 2 ~ :I 1
1".OI1ln1al 1. • • 2 1 1 1 2 1 1 1 :zT,.ouble Il •• pinQ
H••d.c:""•• ,
• 27
10 3 2 • 4 '3 :3 1 ~ 4 1- e 4Earaf:hll. 2 .1 ~ 1 1 i 1 2
D1111n••• e
" 1~ :s 1 ~ 1 1 2 4 4LQ&. af eal.ncel 1 e 1
8 t ao;_ring 1
W5J~kn••• 1 :5 e 1 1 1 1
R••h/Sk.l" l,.,.St.Uon I! 2 5 2 1 1 1 1 1 1 .1 1
Hair loo•• 2
"oint cr Muscle Pa1n :s !l 1 1 1 1
Naus•• 2 4 7 1 1 1 1 :z 2 2
Up5at 5to"'.ch 1 IS • 5 1 2 D 2 1 1 1 1
,
VOlliting 1 2 :5 1 1 1 1
DJ-arrhe. 2
"
1 1 1
Lo •• at App.ttt_ 1 :z , & .1 1 1
W&£.ght. L05S 1 :2 1 1
Low 8100d Pr•••u~.
"-' II(1.ty 2 .. 13 2 1 :2 .I, 1 1 2
Panic Attaek. 2 1. 7 '2 2 1 1
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1 2 3 • 5 6 7 e q 10 11 12 13 14 15 16 17
L e t, nOl r(;j y I N 0 ~nergyl 1 3 8 1 1 1 1 :2 1
S lu Qg i sh
HVCl rt Pa lpitations 1 1 2 1
Chest Pa in~ 1 1 6 1 1
Shor t n e s s of Breath 1 1 7 1 1 1 1 1
5~izure 5 1
Co uQhinO u p B lood 1
Blood in Uri ne/Stool 1 1 1
Sulf ur Odo r in Uri nw
/5tocl 1 1
l"n~Qular Men'Sis 1 1 :5 1
Fvv., r 1 1 1
Mucous 1 2
Medical Ca rw 1 :5 :5 1 1 1 1
Heard ventinljl noise ~ B 20 12 :2 3 e b 1 4 :2 2 1 2 1 B 3
Noise 1rr.1tatinQ 4 B 20 11 :2 :2 e 6 1 4 :2 2 1 2 1 7 :2
Watf!r catchment ~ 20 12 2 4 e 6 1 04 :2 :2 1 2 ;5 •Fallout on roof 2 :5 6 2 1 1 2 1 1 4 1
C. r dil mage 2 1 1 1
Anlmals/Plent5 ~ 04 6 :2 1
OTHER COMMENTS:
Niljlhtmares (Opihikao, Nftna"ale
Gray ~pot~ on clothing in L.ilan i on 6/13 12.30 pm
Two _eek~ of illness fro~ driving by plant ~.ice in onw day.
One child h.d fever a nd numb ri9ht _ide (leljl & arm). Nohe. St.
Whenever husband smells ~ulfu~ he vom it5. Was wor5e with HGPA lea ks.
Feel weak a lot. Mohala St.
Dead bird, dying but~erflie5 (Nanaw.l~
Bi rds left. Opihikac
No officials able to tell about .ff.ct on water catchment. Cam~ home on
6/16. Hookupu St • .
Ave~ag~ eo dba fo r :50 hou rs. Pohoiki Bey Estat••
Dogs howlin~ all ni~ht. No hea St.
I ~an 't believe that PunA i~ in Am.rice. Leilani Ave.
Chi ckens .tagger1nQ. Puu HonuAula
Eye Infpctions, .xlr.m. f •• r / e c t i n Q crazy. Anima l. vom1t1n~ a nd ac~1n~
w~ird. Puu Honuaula
Vomit, diarrhea . black f.ce~, .yes shut ti~ht wl~h MU CUOU5. ~uppy's
stool bloody ~nd proJect!lg, di.d by end of day. Durin~ abet.d vent
felt wlu~gish, driftin~ off, not conC.f1lratinQI mouth feels st rang.,
~•• te is gon., ~vt li~ht throaty cough, stomach f~els flg.ty (m&yb~
vomit, ~.yb~ not), cau5lic aod. smell can give a h~.dachc 1n
minutes. HinAl0 St. .
Swgl1en and .ore gland§ Ih throat and a rm pit. ~ year old child. Hinalo
De pre~~ion, crying ove r 24 hours. DOQs letha rgic, not .atin~. Still
have a feeling of f •• r And no p••c . 1n our own home. Hlnal0 St
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OPERATIONAL MANAGEMENT OF AIR RESOURCES
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AI R QUALITY COM FLUJ; :E IM?P.OVEMENTS THROUGH
OFH .ATI 01;AL t'..J..l;J.GEMENT Of AIF. RESOUF.C ES (Ol"'..J.. F- )
~ i l s o~ B . God da r d , Fh .D. (1 ) a nd Chr is t i n e B . Go d dard . M.A . (2 )
(1 ) Ch i e f Fesearct E ~ ~ : n e e r e n= F~: nc i.a 1
( 2 ) Envlr o~~ental Fl a n n er a nd Prlncipal, b oth of
God d a rd & Go d d a r d Enci n ee r i n~ - Env ir on~e ~tal S t udies -
£,&7 ( I F t c r, ~ a ; Eo F.c a :: . Lu C f' r r, t- . CJ.. 9 5 , ~ £ - E5 (. .:, ( 7 ( 7) ~ 7 , - ;: ~ i 1
ABSTRACT
G e c ~ h e r c a 1 we l l f iel d s a nd p OWEr pl a nt s
req u ir e o pe ra tiona l a n d e~e rg e ncy at~os­
p heric venting . Venting activities are
monit ored for co~pliance wit h reg ulations
wh ich li ~it a ir p ollutant e missi ons a nd
.AJ;,b ient Air Quality Standards (AJ.QS).
Co ntinuou s co~pliance ~onitoring data
which includ es hydroge n s ulfide (H2S)
levels a nd me t e o r o l ogi c a l cond itions is
o nl y ava ilable months after be ing com-
pil ed .
An auto~ated co~puterized system called
Ot'..J..R is described in the following which
checks data and allows users access to
real-time and near real-time data reports.
The data ca n the n be used for manag ing
necessary venting or other real-time data
- needs.
The OMAR syste~ hardware and software is
described a nd is i n use at The Geysers a nd
a t t he Cos o KGRA geothermal d evelopments
in Calif ornia. The system has been d e-
s igned to assist developers , engineers,
scientists, a nd the local air districts in
their goal of maintaining ambient air
Quali ty wi thin Federa~ " State a nd Local
standards.
INTRODUCTION
I n the spring of 19B7, Goddard' Goddard
Engineering (G&GE) proposed the project
termed OMAR which would develop an auto-
mated comp uterized s yste~ to c heck real-
time data a nd mak e ava ilable to users near
real-time data reports. It was proposed
that the OMA R project be managed by the
Lake County Air Quality Manage ment Dis-
trict (LCAQMD) and funded by the Califor-
nia Energy Co mmission's (CEC) Geothermal
grant program. A formal contract was
signed by G&GE o n May 23, 19B8 to begin
work o n the p roject.
A similar O~~R project was proposed to the
California Energy Company , Inc. (CECI) in
the spring of 19 88 a nd f inal approval was
g iven in Nove mber 19 89 for the syste~
design and de ployment.
The g oal of t h e re s ea rc h a nd d e v E l o p~ e nt
p r o j e ct w ~ s t ~ a ~to~ a t e U5E of a~ r Qua lity
a r . c n . e t e o r o Lc c i c a I ( e e r c r e t r i c ) c c x . j. L a e r.c e
monito ring data whic :l woul d t he n be a va il-
a ble for man a ging necessa ry geot hermal
ve nt ing o perations at Th e Geysers a nd at
the Cos o d e ve lop~e n ts. Pa rt ici p a ti ng
parties i ncluded the LCAQ~~, CECI. CEe,
t he Northern Son o ma Co un ty Air Follution
Contr ol District (t\ SCAPCD), a nd t he Great
Bas i n Un ified Air P ollut ion Control Dis-
trict (GBUA PCD). Aut omated c o~pu ter
ac c e ss h as bee n or i s pl anned a t
LCAQMD, NSCAPCD, GBUAPCD a nd at the CECI
Cos o Division headquarters (Goddard . 19S9) .
While industry bas carried the fina ncial
costs of these necessary compliance
~onitoring programs, the data has not been
available in real or near real-ti~e . Data
reports have only been available on B
Quarterly basis after months of data
aud iting a nd passing thoroug h q ua lity
as s ura nc e standards (QA) . While QA proce -
d ures are necessary, th is has not allowed
real-time access t o thes e data.
The O~~R project has res ulted in allowing
users access to the compl iance ~onitoring
data for use in managing activ ities which
include necessary venting, plan ni ng
operations and construction work a nd
specialized studies which reQuire these
data.
OMAR SYSTEM DESIGt\ AND OPERATIOr-;
An organizational diagram of or..J..R is shown
in Figure 1. Aeroroetric sensors including
wind speed, wind direction , air te~pera­
ture a nd humidity, precipitation a nd H2S
concentration are ~onitored by Campbell
Scientific Inc. (CSI) data loggers. The
C51 data loggers ca n record up to 5 ~onths
of data unattended. The C51 data loggers
Bre progra~ed to collect 3 ~i nute peaks ,
Sig~a (standard deviation of wind d irec-
tion), hourly averages and running totals
for precipitation.
The C5I data loggers are accessed via
~ode~s through telephone lines a nd rad io
te lemetry . The logg e rs are programed to
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a uto~atically se nd a n out -of-ra nwe alar~
d a ta re p orts t o t h e re~ote O~~R c o~puter
i f t h e 3 ~i~ute pea r. H2S c on c e nt ra ti o n
e x cee d s a de cis i o n t h re s hold cr ite r ia
( n o rr.ir.ally 2 0 p~·b ). .
A ccess to th e CS 1 d a ta lowgers is in it iat-
ed f r cn. t h e r e r.,c·t e O~~R c cr.pu t er a t a
s r.0 ::-ti n t e :-v e 1 ( n c.~ :: r, a11 y 1 f.c.u r ) , 0 I ' i; ,, :: r,
r e c e i p t of a n out-of r a nc e a La r n re p ort
fro lr one CS 1 ~ on it o r i n c s i t e or by a l o cal
OI':J.~. c o z.r.c t e r US tI S .
O~J.R Ha rd wa re a n d S oft~a r e Des c r i ption
Th e rr.a d n e L e n.e n t s of th e O~.J. R h a rd .. a re a nd
s c ftwa re c c r. p o ne nt s a re s ~ o .. n i n Fig u re 2.
I bl': 3 8 6 c o r pat i ble c o rrp uters whic h o p er ate
r e lia b ly i n a tr Ut rrul t i - t asr.inc ~ od t a re
used f or local a nd the remote computers.
The re mote co~puter is installed near
e n o ug h t o t h e CS 1 a erometric monitori n g
s ites that effic ien t a nd cost effecti v e
freque nt cOlT~unication ca n be obtained .
T h e re mote comp uter is eq uipped with a CSI
clock-SIO and power -up board which turns
the computer off a nd th e n o n agai n (cold
b o ots ) in ca ses where the c omp ute r ha ncs-
u p or in cases where cornr..unication links
become tied-up. This hard~are/software
equipment is necessary where computers run
remotely to avoid manual restarts.
Each participating O~~R user must have a
dedicated local computer (or one with
- - mu l t i - t a s k i n g capabilities ) which is IBM
compatible . The local multi-tasking
fu nction allows the user t o use the com-
p uter for running their ge neral p urpose
progra ms while the OHAR programs operate
in the background .
The software used for this purpose is
Quarter Deck's Desqviewll). Desqview can
have as many as 9 pro~rams all running at
once depending on memory size . Procor~.(2)
is used by both the remote and local
c o n.pu t e r s to automatically telecommuni-
cate. Two CSI programs Telco~l31 and
Split(3), are used ti r.i nc . coordi nation
a nd data processing. Quatro(4l, a spread-
sheet program by Berland International, is
used for data graphical c isplay. Several
programs which check cata and coordinate
activities where developec for OHAR . A
s ite-specific version of ~~DAM is used for
the air dispers ion assessments (Goddard ,
1988).
Functions of the Re mote O~~R Computer
The remote OHAR com puter serves as a
re mote node with corr~unication links to
each CSI data logger monitoring site and
wi t.h a c oe.rr.un i c e t r c n link to the local
OHAR comp uter users. The functions of the
re mote O~~R computer are s how n i n Figure
3 .
The remo t e f unct i o ns in c lude re ce i v i ng
o ut -of -rang e a la r ~ re p ort s fro~ t h e CSI
n.on i t o r i nc sites . c o mp i l i n Q o u t - of -r,, :-.g l::
ala r~ r e p ort s . a r c h i v i n g s hor t ter~
(n o::.i r,a l l y 1 h our J n e a r r e a l e t i n.e d at a
r e p ort s a nd a r c h i v i n g ~oni torinc d a t e i n
report f orm. Whe n data is fo und to b l::
out -o f- range a n a l ar ~ r e p ort is i ~;:e d i ate ­
l :l' s e r. t, t o e a c r, L c c e l O~:J,.;'. c oz.j.u t e r .
The r e x.c t e Ol".J. F. c orr r.u t e r , upon r e c e i v i r.c
a n C51 10g91::r a l a r e data r e ~ort, a ~ t o~ " t i ­
c a ll y ini tia tes a progra~ w~ ic~ a cc e s s e s
a ll t h e Ol"~R CSI s i te s a n d p e rf orms a n
o ut-of -rang e d a ta c h ec k. If t h e c hec k
f i n d s d a ta out-o f - r ang e ( n o~ i nally 1 5 ppb
15 n.i n u t e a v e rag e ), th e r e mo t e O~.J.. F. c cn>
p~t er a u t o~ a t i ca lly s e n d s a n out -c f- r a nQe
alarm report t o t h e l ocal O~~R comp u ters .
The remot e computer a utomatica lly p olls
(calls ) ea c h CS1 moni t o ring s ite ea c h h our
( n o~ i na lly ) a n d d o wnload s the last h our's
da ta f r o~ ea c h s ite . An o ut-of-ra ng e data
check is mad e a nd t he data is arch ived in
a short ter~ r e p ort a nd i n a long term
data arch ive.
Once a day a 24-hour d ata su~,ary is sent
to each local OHAR computer. These sum-
maries are used to assist in mainta ining
quality assurance, increased data capture
rates and for general operational needs.
Upon receipt of a corr~and from the 10:al
OHAR computer, the latest near real-t1me
da ta report is sent to the local computer .
Lo ng term d ata archi ves are se nt to the
local OHAR con.p u t e r whe n req uested .
Local OHAR Computer Funct ions
The local OHAR multi-tasking computers can
be used to run general purpose pr ograms as
well as running O~~R programs in the
background . The OHAR function s are shown
in Figure 4 . Programs automatically
answer incoming calls from the remote OHAR
co~puter to receive data re~orts. a larm
reports (wh ich beep o n rece1ptJ a nd long
term archived data reports. On comrr,~ nd
programs display numerical and graph~cal
data reports and perform air dispers10n
a s s e s s men t s .
OHAR Air Dispersion Assessments
Each OHAR installation has been d esigned
to monitor conditions at and near recep-
tors of concern and at sites of m~teoro­
logical interest. The system des1gn pro-
vides the necessary near real-time data
needed to run air d ispersion assess ~ents
for e mission sources of concern.
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Rid g e top a nd /or ~ountain top stations are
u se d t o d et er mine th e state of at~ospheric
s ta b il ity, t h e p r e sen ce o f ~ a ri n e a ir
i ntr u si o n a nd / or sub s ide nc e ca pp i ng te ~ ­
p era t u r e i n ve rs i ons. A s t at i on o r. t h e
~ a y a c ~ as H c u ~t a i n rid g e at The Ge y s e r s a ~ d
a stat i o n o n top o f Sug a r Loa f Hount a i n at
Co s o a r e u sed f or thi s pu rpose.
~h e n a user r e q u e s t s a n a i r d is p e r s i on
e s s e s s r .e r.t f r c r . t r.e l o c a l O/"J.F. c o rr.p u t e r ,
th e f i r s t operatio ~ t h a t i s perf cr~ed is
t he r e tr ie va l of t h e la tes t n ea r r ea l-ti ~ e
d a ta r e p ort f r c n. t h e r e n.o t e O/"J.R c crr.pu t e r .
The da ta is t he n p r oc essed to determi n e
t h e pr e sen t ~e t eorologi c al c o n d iti ons a n d
wh et h e r g o o d or po or a i r d is p e rs i on c ond i-
ti o n s ex i st.
The user enters the l ocat ion of the neces-
sary venting operations in UTH coordi-
nate s , the elevation a nd the type of
emi ss i on s o urce . The OHA R air d ispersion
progra m wi ll t h e n es ti~ate the incrementa l
i mpact of t h e ve nt ing a b ove a mbient con-
cent ra ti o ns of H2S and the cu~ulative
i mpact base on the mon i t o r e d a mbient H2S
levels.
The user ca n run several venting scenarios
i nclud ing decreases in e xisting ve nting
from bleeding or testing wells, or other
e mission sources. While users must obtain
local air district permission to surpass
venting e mission limits, they can use O~~
. a s a ~anag ement tool in demonstrat ing that
venting will not result i n substantial
incre ase d H2S levels .
OHAR will assist in avoiding poo r air
d ispers ion impa cts wh e n e mergency venting
break-downs occur. Users ca n i mmediately
determine wha t t he a mbient levels of H2S
are and reduce venting of ~anageable
e missions s o t hat i mpa~ts are maintained
well b elow AAQS .
SUH!"J.RY AN D CONCLUSIONS
The OHAR system allows access in real-time
to compliance monitori ng data for use in
making ~anagement decisions concerning
necessary geothermal venting operations .
The real or near real-time data is coupled
to site specific complex terrain a ir
dis p ersion models to yield i mpact assess-
men t s. The venting impac t as sessments
allow various venting scenarios to be
eval uated using actual near real-time air
quality and meteorological data.
Decreased a rr~ient air quality throughout
the world espec ially near urban centers
has led to agencies increasing the puni -
tive penalties for exceeding e miss ion
limits and lor exceeding AAQS. The Cali-
f ornia Clean Air Act ~andates three year
atta inment (no exceed of an AAQS) before
conferring attai n ment status. Non-attain-
~ent a reas must prov id e a ir Qu ality i mpact
offse ts wh ich ~a y n ot b e a v a ila ~l e a nd ar e
a lw ays e x p e ns iv e.
Ge o t he r mal e n ergy h a s p r ove d it s elf t o be
~ ~ v ir c~~ e n ta l c c~p at i b l E. The Q E o t h e r ~ a l
industry i n Cali for nia ha s p ro v e n its
a b i l it y t o o p e rat e c o~p e t it i vely wit h i n
t t. e st r i n ;; e n t P.2 S CJJ.. :~ s c ~ , ; u <;/ n.:: (0 . 0 3
p pn,) e.r.d Ol-'J.R e n h a n ces t h i s a b ili t y ,
F.EFEF.El;C ES
God d a rd , W. B. a nd C .B . God da rd . Oct 19 6 9
Us e of Re q uired Ai r Co~plia nce H ~n i ­
t o r i nQ f or ~anaQeme n t of Ne c es sa r y
Ve nt i n g - a Pr oj e ct I n it iat ~ d a t Th e
Gey sers - Ap p licat i o n s a n d Dev elop-
ment o f Operationa l ~a n a g e m e nt of Air
Resources (OMAR), Ge othermal Re -
sources Council, T RAN SACTIONS Vol 13
Dav is . CA
Godda rd. W.B . a nd C.B. Goddard , Oct 19 87
Microme teorological Air Dis pers i o n
As sess ment ~ethodolo~y (l-'J.DA~ ), A
Ge othermal Air Quality I mpact Assess-
ment Tool box Available As Shareware .
Geothermal Resources Council. TRANS-
ACTIONS, Vol . 11, Davis , CA
Note:
(1) Desqview is a product of Quarter DeCK
Office Systems, Santa Honica , CA
(2) Procomrr, is 8 product of Datastorm
Technologies, Columbia, HO
(3) Telcom and Split are products of
Ca mpbell Scientific, Logan UT
(4) Quatr o is a product of Borland Inter-
national , Scotts Valley , CA
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FIGURE 1: OHAR ORGANIZATION AND USERS
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